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ABSTRACT

This study aims to identify potentiaily adverse environmental factors
other than dredging associated with the operation and maintenance of the
Texas Gulf Intracoastal Waterway. Field sampling was conducted along the
waterway in January, May, and August 1975 to ascertain background water
and sediment quality. To study the flow between Galveston Bay and Sabine
Lake, a numerical model study was conducted of this reach of the waterway.
Satellite imagery was used in the Lower Laguna Madre to study the circulation
patterns and sedimentation rates. The following conclusions and recommen-

dations were developed.

Conclusions:

1. The Intracoastal Waterway can transport water, pollutants, aquatic
plants and animals from cne river system to another.

2. The waterway and normal operational activities in the waterway
did not appear to be a major source of pollutants but elevated
concentration of nutrients and metals were usuaily associated with
freshwater inflow.

3. In shallow, open-bay reaches of the waterway, the current patterns
adjacent to the channel can have a significant effect on the
shoaling rate.

4. The Intracoastal Waterway and associated dredged material islands
have the potential of modifying circulation patterns and salinity

levels in the bays and estuaries.

Recommendations:
1. A feasibility study should be conducted for constructing a control

facility in the reach between Sabine Lake and Galveston to limit



iv

flows and to contain hazardous materials in the event of an
accidental discharge.

Additional field studies should be conducted along the Neches

River, Brazos River, Caney Creek, Colorado River, and Arroyo
Colorado to define the source of the nutrients and metals entering
the waterway.

Detailed hydrological and ecological studies should be conducted

at several locations in land-cut areas to evaluate the impact of

the existing waterway on the groundwater and surface hydrology.
Studies should be conducted on promoting bottom vegetation in shallow
bays.

Current patterns in adjacent shallow bays should be considered

when planning modification to the waterway.

Model studies should be conducted of proposed waterway modifications
in shallow bays to optimize circulation patterns, control salinity

levels, and reduce maintenance dredging.
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CHAPTER 1
INTRODUCTION

The Guif Intracoastal Waterway (GIWW) extends along the coast of the
Gulf of Mexico from Florida to Texas, serves as a navigable channel for
shallow draft vessels, primarily barges and towboats, and offers a shortened
and protected route between major ports. As shown in Figures 1, 2, and 3,
the Texas section begins at the Sabine River and parallels the coast through
eighteen counties to Brownsville, Texas, a distance of 424 miles (682.2 km).
The authorized minimum cross-sectional dimensions at mean low tide are a
depth of twelve feet (3.66 m) and bottom width of one hundred twenty-five
feet (38.1 m). Authorized dimensions are the dimensions to which the channel
is dredged; however, these are frequently not the existing dimensions because
of over-dredging and shoaling. Deviations from the authorized minimum
dimensions include barge mooring and turning basins, and Tocations where
the GIWW crosses or runs concurrent with other, deeper channels.

The cost of the waterway from Apalachee Bay, Florida to Brownsville
has been less than $300 thousand per mile. This is remarkably low when
compared with other waterways such as the I11inois which cost $8.1 million
per mile and the upper Mississippi which at places cost $7.2 million per mile.
About $19.3 million was spent on all waterways of Texas in 1970, of which
only $2,528,000 was spent on the Gulf Intracoastal Waterway, Texas Section.
0f this amount $5,000 was for new work and the remainder for maintenance.

The GIWW boasts a benefit to cost ratio of 26 to 1.

Objectives

The purpose of this study is to identify potentially adverse environmental
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factors (except dredging) associated with the operation and maintenance of
the Texas Gulf Intracoastal Waterway. The environmental considerations of
dredging were not included in the study as this subject would be a major
undertaking by itself and the Corps of Engineers is conducting studies on the
environmental effects of dredging. The specific objectives of this study are:

1. to inventory existing physical, chemical and biological information
concerning the waterway,

2. to conduct field sampling programs of physical and chemical water
and sediment quality at critical locations along the waterway.

3. to evaluate the water and sediment quality of the present intracoastal
waterway and to identify environmental problem areas related to
operations and maintenance of the facility, and

4. to develop environmental recommendations for implementation by
various agencies concerning the operation and maintenance of the

existing waterway.
History

The inception of the Gulf Intracoastal Waterway was the result of an
act of Congress in 1828 when $18,000 was appropriated for construction of a
channel from Mobile Bay to Mississippi Sound.

With Texas recovery from the Civil War came the beginning of the Texas
Section of the Gulf Intracoastal Waterway in 1874. In that year a shallow
draft channel was constructed between Aransas and Corpus Christi Bays. In
the years that followed a number of other small shallow draft channels
were constructed by both public and private interests. In 1892, with the
ajd of federal funding the channels were connected to create a continuous
passage five feet (1.52 m) deep and forty feet (12.19 m) wide. In 1925 authori-

zation was given to increase the authorized channel dimensions between the



Sabine-Neches Waterway and Corpus Christi to a depth of nine feet (2.74 m)
with a bottom width of 100 feet (30.48 m). By 1941 the waterway extended as
far as Brownsville, Texas, ostensibly justified by national defense requirements.
In 1949 the authorized dimensions were increased fromnine (2.74 m) to twelve
feet (3.66 m) in depth and the bottom width from 100 {30.48 m) to 125 feet
(38.1 m). An alternate channel across south Galveston Bay between Bolivar
Peninsula and Galveston Causeway was completed in 1954,and in 1960 the main
channel between Aransas and Corpus Christi Bays was rerouted along the north-
west shore of Redfish Bay.

An authorized relocation of the channel at the entrance to Matagorda
Bay would return the channel to its former location. This proposed relocation
is between mile number 454.3 and 471.3 as detailed on the map for this reach
in Figure 2. It was moved during World War Il to protect navigation on a por-
tion in the northeast part of the bay. The relocation to its original route
would provide safer passage for barge traffic because of the greater length

of land cut and better alignment of the prevailing winds.

Facility

The waterway traverses bays or follows land cuts for the entire Tength
of the Texas coast. There are fifteen bridges across the channel as we]}
as numerous submerged pipelines and cables, and overhead cables. Ten barge
mooring and turning basins are associated with the waterway. For
administrative and computational purposes the waterway is divided into three
reaches as indicated on the maps, Figures 1 through 3. Locks are necessary
where the channel crosses the Colorado River. They also prevent refuse
and sediment from entering the waterway. Floodgates at the Brazos River

accomplish nearly the same function. For the Tocation of waterway structures



see Appendix A.

Texas has twenty-four ports, eleven of which serve deep-draft vessels.
A1l of the ports are serviced either directly or indirectly by the GIWW.
During 1970 over thirty-one percent of the Texas population was concentrated
in the thirty-six Coastal Zone counties; eighty percent of this population
is urban,

In 1967 there were 251 chemical and allied products establishments in
the coastal region. They employed over 33 thousand people with an annual
payroll of $318.4 million. An economic impact statement prepared by
Miloy and Phillips (1974) of the Texas Engineering Experiment
Station at TAMU indicated a total economic value of $6.0 bitlion for the
chemical and allied products industry. The same study reported 62 establish-
ments associéteélwith petroleum refining employed 27,300 people with an
annual payroll 6f $251.6 million, The total economic value of this industry
was $10.7 billion. Additionally mining in the coastal counties has an
economic value of $2.1 billion of which $41.3 million is attributable to the
shell industry, $64.9 million to non-metallic minerals, and $2.0 billion to
petroleum extraction. The three industries employ an additional 15.8
thousand people, 13.9 thousand of which are involved in petroleum extraction.
It is justifiable to attribute at least a portion of this economic impact
to the presence of an economic means of transportation.

The GIWW is primarily a shallow draft channel designed to accommodate
standard size barges as detailed in Table 1; however, the waterway is at
places integrated into major ship channels and in such places the dimensions
of the channel are sufficient to accommodate ocean vessels and the new super
barges described in Table 2. Considerations other than channel depth and
width include horizontal and vertical clearances of bridges, locks, and

flood gates along the waterway. Tow lengths are variable but are generally



Table 1. Barge Sizes

Length Breadth Draft* Capacity
(feet) (feet) (feet) {tons)

Open Hopper Barges

175 26 9 1000
195 35 9 1500
290 50 9 3000

Covered Dry Cargo Barges
175 26 9 1000
195 35 9 1500

* Draft is the distance from water Tevel to the lowest part of the vessel
under water. Channel depth for slow vessels must be three feet greater
than the vessel draft,and for better efficiency and faster speeds the
depth must be at least five feet greater.

Source: Miloy, J. and Phillips, C., Primary Economic Impact of the Gulf
Intracoastal Waterway in Texas, 1974, TAMU-SG-74-21T, p. 100




Table 2. Selected Super Barges in Service

Type Barge Dimensions Deadweight Number
(feet) (tons) in System

Dry Cargo 420 X 80 X 34 15,000 3
Converted

Liberty Carriers 447 X 56 X 37 11,700 4
Open Deck Cargo 360 X 756 X 25 10,000 2

Log Carrier 364 X 80 X 23 9,400 1

Dry Bulk 420 X 80 X 36 17,000 1
Covered 356 X 78 X 22 7,200 3

Note: Use of these barges is restricted to major ship channels presently.
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restricted to four barges and one tug boat. The size of tows using the
tocks at the Colorado River crossing or passing through the Brazos River

floodgates is limited by the respective dimensions of those facilities.

Operation

Almost three-fourths of Texas' goods by weight are transported by water
and the Gulf Intracoastal Waterway is the primary carrier. In 1973 inland
waterways in the United States carried 358 billion ton-miles of traffic:

126 billion on the Great Lakes, 155 billion on the Mississippi River

System and 77 billion on the coastal systems. Of this last figure, 5

billion ton-miles were on the Texas Section of the Gulf Intracoastal Waterway.
In 1970 water transportation had an economic impact in Texas of $615 million
with water transportation services adding $132 million. During this period
Texas waterways carried 73.8 percent of all the state'’s tonnage and 15.9
percent of commodities other than coal or petroleum.

The Texas Section of the Gulf Intraccastal Waterway carried approximately
63 million tons of waterborne commerce in 1973. As shown in Figure 4, the
reach from the Sabine River to Galveston carried 63.1 percent of this while
the reach from Gaiveston to Corpus Christi carried 32.8 percent. Only 4.1
percent was carried in the reach from Corpus Christi to Brownsville. The

percentage of commodities by reach are shown in Figure 5. Nonmetallic

minerals and un-manufactured shells accounted for 17.7 percent of the
volume, crude petroleum 25.2 percent, chemicals and allied products 20.8
percent, petroleum and coal products 30.4 percent, and all others account
for the remaining 5.9 percent.

In 1973 there were 28,856 eastbound trips and 29,196 westbound trips
by commercial vessels in Reach I. Reach II had 23,888 and 24,145 respectively
while Reach III accommodated 16,630 eastbound trips and 16,633 westbound
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trips. The total number of vessel trips on the Texas Section of the Gulf
Intracoastal Waterway for 1973 was 139,238 (see Appendix B).

Although the Gulf Intracoastal Waterway was primarily designed to
facilitate commercial transportation, it is also used by pleasure craft
and has therefore enhanced the recreational value of the coastal zone.
There are no complete figures available to show the extent of this utilization
on the entire waterway. The waterway may be useful in the shorter land cut

regions where it connects bays which may be utilized for recreational purposes.
Maintenance

The United States Army Corps of Engineers, under the authority of
House Document No. 238, 68th Congress, has federal responsibility for the
Gulf Intracoastal Waterway. The Galveston district has responsibility
for the Texas Section of the waterway. Major activities under this
responsibility include approving structures across the channel, dredging,
and investigating proposed changes, along with maintenance of the Colorado
River locks and the Brazos River floodgates.

Under the provisions of the recently adopted Texas Coastal Waterway
Act of 1975, the Texas Highway Commission assumes local sponsorship for the
Gulf Intracoastal Waterway. Responsibilities as Tlocal sponsor include
maintenance and construction of bridges over the channel and provision of
rights of way and dredged material disposal areas. The United States Coast
Guard is responsible for the maintenance and placement of buoys along the

channel.
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CHAPTER II

ENVIRONMENTAL BACKGROUND INFORMATION

This chapter describes the physical, cultural and land use capability

units along the Gulf Intracoastal Waterway.

Physical Characteristics of the Texas Coast

Climatology

The climate of the Coastal Zone is in general subtropical with long warm
to hot summers and short mild winters. The average annual temperature shows
a fairly regular decrease with latitude from about 74 degrees F (23.3 degrees C)
at Brownsville near Mexico to about 70 degrees F (21.1 degrees C) at Sabine
Pass in the northeast section of the coast. The average precipitation varies
from about 26 inches (660 mm) at Brownsville to about 55 inches (1397 mm) at
Sabine Pass. Predominant winds are from the north during the winter months
and from the southeast or south in the summer.

Since the midwestern plains extend to Canada without major topographic
relief, cold winds from the Canadian Arctic come to the Texas coastal waters
with great frequency and regularity during the winter months. It is not uncommon
to have a temperature change of 40 degrees (22.2 degrees C) within a couple of
hours. The region has also been marked by extreme flood conditions, intér-
spersed with prolonged droughts throughout the recorded history.

The climate in the area from Sabine to Galveston (Reach I} is primarily
a wet subtropical region. The mean annual temperature ranges between 69 and
71 degrees F (20.6 and 21.7 degrees C) and average rainfall ranges from 38
to 55 inches (965 to 1397 mm) per year.

The climate in Reach II (Galveston to Corpus Christi) is a product of

the combined effect of the humid subtropical region to the northeast, the
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semi-arid region to the west and southwest, and the warm moist influences of
winds from the Gulf of Mexico. The mean annual temperature ranges from 70
to 72 degrees F (21.1 to 22.2 degrees (), and the average annual rainfall
ranges from 30 to 38 inches (762 to 965 mm).
In the section from Corpus Christi to Brownsville {Reach III), the climate
is semi-arid and is characterized by tropical temperatures with a mean annual
range from 72 to 74 degrees F (22.2 to 23.3 degrees C) and low rainfall which
ranges from 26 to 30 inches (660 to 762 mm) per year. The climate is characterized
by high rates of evaporation which combined with naturally restricted water cir-

culation and minimal freshwater inflow results in hypersalinity in the Laguna Madre.

Shore Features

The entire Texas coast presents an extremely low profile. The only
noticeable relief along the coast is High Island which is the surface
expression of a large salt dome and rises some 50 feet {15.24 m) above the low
coastal plain. Perhaps the most important shoreline features are the inlets
or passes which break the barrier shoreline at frequent intervals. The largest
and deepest of these passes are Sabine Pass, Bolivar Pass at Galveston, San
Luis Pass at West Galveston Bay, Pass Cavallo at Matagorda Bay and Aransas
Pass at Port Aransas. Pass Cavallo and San Luis Pass are not maintained as a
channel, and therefore have shifting sand bars. Sabine, Bolivar and Aransas
Passes are maintained as major channels and have controlling depths of 40 feet
(12.79 m). Several attempts have been made to create new passes in order to

maintain high marine animal populations inside the bays.

Surface Geology

The surface geology of the Texas coast is separated mainly into Holocene

and Pleistocene. Soils of the Texas coast are generally deep and range from
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very permeable, excessively drained sands to nearly impermeable, very poorly
drained clays. Some of the soils are saline coastal sands flooded by Gulf
tides and subject to wind erosion. Sticky, wet, saline soil characterizes
the marshes. A large portion of the soil located in the upper half of the
coast is fertile and highly productive. The areas of low fertility include
the sandy soils along the southern half of the coast, the offshore islands,

and some pine-timbered areas.

Freshwater Resources

Along the Texas coast several major rivers empty directly into the Gulf
through long, narrow, straight estuaries with Tow natural levees. The
Brazos, Colorado and San Bernard Rivers all have about seven-mile estuarine
channels with about the same width and depth leading into the sea even though
each has a different characteristic river discharge. The estuarine environments
provided by such long, narrow channels are relatively poor for either
recreation or as animal and plant habitats.

The Sabine, Neches, Trinity, San Jacinto and Guadalupe-San Antonio
Rivers account for most of the freshwater discharge along the Texas coast
through bays and estuaries. The Sabine and Trinity Rivers have the highest
consistent discharge, since they drain wet or humid regions. Although
it has the largest drainage basin, the Rio Grande flows through an arid
zone and most of its runoff is retained in Targe reservoirs upstream. This,
however. is not limited to the Rio Grande as much of the runcff for rivers
in Texas is being retained in upstream reservoirs.

The Brazos, Trinity and Sabine Rivers carry the most sediment into the
coastal area. The Sabine, Neches, and Trinity carry mostly fine sediments
to the coast and do not supply significant volumes of sands to the beaches

and shores. The Brazos, Colorado and intervening rivers southward to the
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Rio Grande carry larger percentages of sandy materials, and during flood
periods contribute considerable sand to the Gulf and its shore processes.
Most areas along the Gulf coast are underlain by 1ittle freshwater
but large quantities of slightly and moderately saline ground-water are
present in all areas. In general the fresh ground-water potential in most
of the areas is fully- or over-developed. Especially in the northern part
of the coast, water levels have declined and salinization of water in the

aquifers has occurred.

Bays and Estuaries

Bottom Features

Texas bays and estuaries are shaliow and with relatively uniform shore-
line configuration. Most grade smoothly toward a slight depression in the
center. Oniy a small portion of Sabine Lake exceeds six feet (1.83 m) in
depth. Galveston Bay is also shallow, although most of the central portion
is between 6 and 12 feet (1.83 and 3.66 m) deep. West Galveston Bay and
East Matagorda Bay are quite shallow, seldom exceeding four or five feet
(1.22 or 1.52 m). Matagorda Bay has a relatively deep southwestern area
reaching 13 to 14 feet (3.96 to 4.27 m) deep while most of Espiritu Santo,
San Antonio, St. Charles and Copano Bays average 3 to 6 feet (1.83 m) deep.
Corpus Christi Bay is one of the deepest bays and a large portion exceeds
12 feet (3.66 m). In the Laguna Madre depths do not exceed 12 feet (3.66 m)
and average less than 6 feet (1.83 m).

Sediments which now cover the bottom of the estuaries have been distri-
buted primarily by winds in the Laguna Madre, by currents in the central
bays, and through river discharge and runoff in the humid, high rainfall

region to the northeast.
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Temperature Regions

Air temperatures are important along the Texas coast in that estuarine
waters are usually so shallow that they are well mixed and thus bottom water
reflects air temperature changes rapidly. Consequently, the estuarine waters
are warmer than the Gulf waters during the summer months and colder in the
winter. Average temperatures in the bays and estuaries vary from the range
of 50 to 60 degrees F (10 to 15.6 degrees C} in January to 80 to 90 degrees
F (26.7 to 32.2 degrees C) in August.

Salinity Characteristics

Because of the extreme variations in climate, large variations of salinity
occur in bays along the southern coast. It is here that salinities may rise
to 40 to 50 parts per thousand (ppt) during the summer and drop to almost zero
during hurricane floods. The "Hole" in Laguna Madre near Baffin Bay shows the
greatest salinity variation on the coast, ranging from 5 to 120 ppt. In the
Tower Laguna Madre, after the construction of the GIWW and Port Mansfield

Channel salinities range between 5 and 60 ppt while other portions of the

Laguna Madre have a smaller range of salinities. Salinity fluctuations
range from 16 ppt in the Gaiveston Bay system to over 30 ppt in the Coastal
Bend estuaries. The maximum salinity seldom exceeds 32 ppt in Galveston

Bay. Sabine Lake has salinitiesbelow 14 ppt much of the time.
Tidal Characteristics

Because most of the bays along the coast have restricted openings to
the Gulf, responses to tidal changes taking place on the open coast are
considerably dampened within the estuaries.

The astronomical tides are of the mixed type with one Tow and one high
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per 24-hour period with a maximum range of about three feet (0.91 m), and with
two highs and two Tows per 24-hour period with minimum range of less than 0.5
feet {0.15 m). The estuarine tidal ranges are very small and occur one to
five hours Tater than the corresponding high for the Gulf side. They also
lack normal periodicity.

The significant tides are those created by winds. This is especially true
for hurricane winds, which may raise tidal levels as much as 15 feet (4.75 m)
and virtually empty some bays. During winter storms, wind tides range up to
four or five feet (1.22 or 1,52 m}. Likewise, when the strong southeast trade

winds blow for a prolonged period, water levels build up within the bays.

Current Patterns and Longshore Drift off the Texas Coast

More data are available on wind speed and direction than on actual
current directions. It is the winds, for the most part, which drive the
currents, The 1ittle available exiéting data indicate that water does not
move in a single direction along the entire coast but that currents along
the coast reverse. Water often flows to the north at the lower end of the

Laguna Madre and southwest along the upper coast.
Estuarine Circulation

Each of the estuaries has circulation patterns which are primarily
influenced by the prevailing wind directions. Consequently, circulation is

quite different between north and south winds.

Cultural Characteristics

Large expanses of the coast are sparsely populated and are used primarily
as cropland or grazing land. There are numerous parks and recreational areas

which account for a total of 213 sq. miles (551 sq. km). Areas of major industrial
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development are popuiation centers and therefore are also regions of
major concern. Industries have a major impact on the coastal zone, both as

a source of employment and their effect on the environment.

Land Use

Land use adjacent to the Guif Intracoastal Waterway is fairly consistent
for large areas varying from rangeland in the Laguna Madre to urban-industrialized
around Corpus Christi Bay. A region of marsh rangeland begins in the
vicinity of Matagorda Bay and continues to within a few miles of Galveston
Bay, with the exception of the area between the forks of the Brazos River which
is urban-industrialized. The lower shore of Galveston Bay is urban-industrialized
with marsh rangeland resuming predominance at Bolivar Peninsula and continuing
with intermittent pastureland to Port Arthur, which is again an urban-indus-
trialized region. North Sabine Lake is marsh rangeland and irrigated cropland.
The margins of all these areas are generally sparsely populated and may be
classified as either dry or irrigated cropland, rangeland, pastureland,

forest, and marsh rangeland.

Recreation

The recreation and wildlife areas in the coastal zone provide such
activities as photography, hunting and fishing, swimming, boating, surfing
and diving. There has been resort development along Padre Island and Mustang
Island.

Sportfishing is not Timited to a particular portion of the coast. However,
it is especially popular at Galveston, Freeport, Port Aransas and Port Isabel.
Many species of finfish are attracted to the drilling platforms and submerged
vessels and structures along the coast and these areas provide generally

good sportfishing.
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Commercial Fishing

Commercial fishing along the Texas coast is a mulitimillion dollar business
($70 willion for 167 million pounds (75 m tons) in 1971). The commercial shrimp
(primarily brown and white), the commercial oyster, the menhaden, the blue
crab, and the common sportfish are the most important species economically
on the Texas coast. Some of the more common sportfish include gafftopsail
catfish, Atlantic spadefish, seatrout, Atlantic croaker and the less
common but popular southern flounder and broad flounder. Almost all species
are dependent upon bays and estuaries for breeding and nursing grounds.
A high number of juveniles may be Tocated in these areas. Records indicate
the Galveston Bay, Trinity Bay, and Sabine Lake accounted for well over 80
percent of the annual oyster crop in 1971, Matagorda Bay also generally
produces a good crop. The open Gulf accounts for by far the largest catches
of finfish but the Laguna Madre reach accounts for almost 25 percent of the

total Tandings and 30 percent of the coastal region production,

Land Use Capability Units along the Waterway

Land use capability units along the Gulf Intracoastal Waterway are
summarized in Table 3 and described in detail in the following section.
Maps showing the location of the capability units are included at the end
of the section. Symbols on the maps refer to land use capability units
described in the following section. Waterway mileage referenced in the

following discussion is also shown on the maps.

Bays, Lagoons and Estuaries

According to the University of Texas report on Management of Bay and

Estuarine Systems (Fruh, et al., 1972) bays, lagoons and estuaries are
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water masses which occupy river valleys and elongated areas between barrier
jslands and mainland. These water masses are transitional physically,
chemically and biologically between river and lake systems and the open

marine environment. Shifting and sometimes subtle interfaces exist within

the shallow water bodies, where changes can occur within the system. These
areas in conjunction with the adjacent marshes are highly productive,
delicately balanced ecosystems which are susceptible to external modification.
Man can have a significant effect on these processes which may result 1in

economic, aesthetic and cultural benefits or Tosses.

IA. River-Influenced Bay

River-influenced bay exists where a bay has been formed at the mouth
of a river and is characterized by high turbidity from the suspended solids

in the river discharge and low salinity due to dilution. The salinity will
be variable depending on the amount of discharge. The depths in this area
range from 3 to 7 feet (0.91 to 2.13 m) and the bottom sediments are primarily
layered and mottled muds. A high concentration of nutrients due to river
inflow and a low species diversity is usually exhibited. The turbid waters
entering these areas from the rivers cause a decrease in light penetration
and thus reduce photosynthetic activity. Also the discharge from the
river is usually high in humic acids causing Tow pH values. The turbidity,
Jow salinity and Tow pH values make the area undesirable for growth of
oysters and other sessile benthonic shell1fish. However, these conditions
are favorable for the development of shrimp in the juvenile stages.

Areas which are characterized by these features include the northern
part of Sabine Lake, Dollar and Dickinson Bays above Texas City, Matagorda
Bay at the mouth of the Colorado, north Tres Palacios Bay and Oyster Lake,

northern Hynes Bay, north St. Charles Bay and Nueces Bay which is the
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southernmost example of this type region.
IB. Enclosed Bay

Enclosed bay is the area of the bay that is influenced 1ittle by neither
river nor tidal currents. Circulation is generally poor and there is an abuﬁdance
of fine sediments due to the reduced velocity of the waters. There is a low
species diversity and Targe numbers of individual organisms. The depths range
from three to eight feet (0.91 to 2.44 m). Due to poor circulation, high or
low salinity extremes are often reached in these areas. The benthonic organisms
are mainly infaunal feeders which burrow through the sediments to produce

mottled, organic-rich muds. The common 1living species in the area is the clam.
The enclosed bay is typical of the middie portion of Sabine Lake

{approximate mileage 280-285) East Bay, Chocolate Bay north of the Intra-
coastal Waterway, Bastrop and Christmas Bays, Chocolate Bay (West Lavaca
Bay), Shoalwater Bay, the lower portion.of St. Charles Bay, Copano Bay, Oso
Bay and several bays in the sandflats between Port Mansfield and the

Arroyo Colorado,
IC. Reef and Reef-Related Areas

Reef and reef-related areas contain submerged mounds and elongated
ridges with adjacent areas containing oysters and associated reef organisms.
The only exceptions are the reefs in Baffin Bay which are exclusively
serpulid and are now dead. The reefs are ridged structures that locally
restrict circulation and are commoniy positioned perpendicular to prevailing
currents. The reef areas serve as valuable feeding grounds for many varieties
of game and commercial fishes. The majority of the reef is composed of
dead oyster shells, but epifaunal, nektonic and some vagrant benthonic

organisms are also found on the Tiving reef surface,
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Reef and reef-related areas include dispersions throughout the western
portion of East Bay north across the central portion of Galveston Bay to
a point just above Texas City and again just below the Texas City Ship
Channel. Several reef areas are Jocated in East and West Matagorda Bays.
Espiritu Santo Bay and San Antonio Bay abound with reefs and related areas,
some of which are quite large. Other reef areas occur along the waterway

as indicated on the maps.

ID. Grassflats

Grassflats are shallow subaqueous flats, ranging from i to 5 feet (0.3 to
1.52 m) deep, Jocated principally along the margins of bays and lagoons. The
grassflats are characterized by moderate to dense growth of marine grasses.
The dense grass helps to maintain temperatures in a range suitable for many
organisms. The areas are feeding grounds for a number of game and cormercial
fish along with a number of other animals.

Some of the more prominent examples of grassflats include the
northshore muds of Redfish Bay and either side of the Guif Intracoastal
Waterway from the Padre Island Causeway to Southbird Island, and either
side of the canal from Port Mansfield to about mile 657. These areas are

especially prevalent along the Laguna Madre.

IE. Tidal Inlet and Tidal Delta

Tidal inlets are channels connecting the bays with the open guif or
larger bodies of water. On the gulf end of the channel is the flood tidal
delta and on the other end is the ebb tidal delta. These are depositional
areas associated with the sediment transport through the tidal inlet. The
inlets are the passage way for fish migration and water exchange. During

periods of flooding on the mainland a large amount of fresh water passes
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into the gulf and during hurricanes a significant amount of marine water

is passed into the bay or lagoon.

IF. Open Bay

Open bay areas are located in the lower end of the bay where tidal influence
is large. The depths range from 6 to 12 feet (1.83 to 3.66 m) and circulation
is good. The substrates are generally mottled mud. Species diversity is
relatively high with the number of species increasing and the number of
individual organisms decreasing as the salinity increases. The normal
range of salinities is from 20 to 30 ppt.

Matagorda Bay, the western end of West Bay and Corpus Christi Bays

are also good examples of open bays.

IG. Enclosed Hypersaline Bay

Enclosed hypersaline bays are similar to enclosed bays but possess the
additional characteristic of highlsa1inity. This high salinity (30-80 ppt)
is due primarily to a combination of low rainfall amounts, high evaporation
rates and poor circulation all of which are characteristics of the southern
Texas coast. Species diversity is low and there is a small number of
individual organisms due in part to the hypersaline conditions. The most
commonly observed species include clams and snails. Water depths range

from 4 to 12 feet (1.22 to 3.66 m).

IH. Sandflats

Sandflat areas occur on the backside of barrier islands south of St.
Joseph Island and the Tandward side of Laguna Madre. This emergent-submergent
area varies from 2 feet (0.61 m) above to 1 foot (.3 m) below mean sea level.

The flats are usually flooded by wind-driven bay or lagoon waters. They
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are predominately composed of sands with thin algal mats which bind the sediments
into a tough substrate. Hich temperatures in the thin layer of water on the
flats restrict biologic activity.

These areas occur in the vicinity of Corpus Christi Bay and south through
the Laguna ifadre. The area south of "The Hole" in the Laguna Madre is an

excellent example of this capability unit.
IJ. Bay or Lagoon Margin

Bordering bays or lagoons are areas of high current activity and rapid
sand transport. Depths range from 0-3 feet (0-0.91 m) with salinity and
temperature being variable. These marginal areas support locally sparse
marine grasses. Species diversity increases near the tidal inlets where
the mixing of culf marine water and bay water takes place. Great seasonal
variation exists in the shallow bay-margin assemblages as the epifaunal and
motile invertebrates migrate into deeper water during periods of extreme
high or low temperatures or salinities.

The northern shore of Corpus Christi Bay and the opening to the Laguna
Madre arc both examples of a bay or lagoon margin. Other examples include
the northwest and southwest shores of Matagorda Bay and the Matagorda Island

side of Espiritu Santo Bay and San Antonio Bay.
IK. Subaqueous Sandflats

This area is similar to sandflats with the exception that it is inundated
at all times with the water depth varying from 0-3 feet (0-0.91 m). This
is typical of the area located south of Baffin Bay and "The Hole", in the
northern part of Laguna Madre. Large changes in salinity and temperature
are characteristics of the area. Salinity varies from 30 to 80 ppt and the

temperature from 55 to 110 degrees F (12.8 to 43.3 degrees C).
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IL. Restricted Hypersaline Bay or Lagoon Margin

Restricted hypersaline bay or Tagoon margin areas are found along the borders
of bays and lagoons scuth of Corpus Christi. They are away from tidal influence
and have rare river input due to the small amount of rainfall in the area. The
hypersaline condition results from the high evaporation rate and the rare fresh-
water inflow. The salinity will vary from 5 to 80 ppt but the normal is greater
than 30 ppt. The depths in these areas range to 6 feet (1.83 m) and temperature
ranges from 55 to 110 degrees F (12.8 to 43.3 degrees C). The area has a
low population of organisms associated with a correspondingly low species
diversity. Sparse grass, clams and algae are the most common.

North of "The Hole" bordered by sandflats on the Gulf side and an enclosed
hypersaline bay on the coastside is located a restricted hypersaline bay

and lagoon margin. Baffin Bay and Alazan Bay are also bordered by this margin.
IM. Restricted Bay Center

Restricted bay center areas have physical characteristics similar to
the restricted hypersaline bay margin. They are closed to tidal input and
rarely are river-influenced. Temperature ranges from 55 to 110 degrees F {12.8
to 43.3 degrees C) and salinity ranges from 5 to 80 ppt with normal being greater
than 30 ppt. The depth varies between 6 and 12 feet (1.83 and 3.66 m). The
bottom is euxinic and in the deeper parts laminated muds. These areas display
a low species diversity and small number of individual organisms, due in part

to the hypersaline conditions.
IN. Fresh to Brackish Water Bodies

Fresh to brackish water body areas include land-locked Takes, ponds

and reservoirs, exhibiting variable substrate with inland areas containing
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fresh water and coastal units temporarily brackish or saline water.
Land~-locked water masses of this nature are abundant in the Port

Arthur area, but may be found along almost any sector of the coast.

Major River Systems

Through-flowing streams and their associated Takes and sloughs,
point-bar sands, and floodplain muds and silts are included in this
category; excluded are headward eroding streams which originate within the
coastal plains. The valleys are filled with point-bar sands and floodplain
muds and silts, but except for the Colorado, Brazos and Rio Grande, these

incised valleys have not been entirely filled by alluvial sediments.

IIA. Fluvial Woodlands

Fluvial woodland areas are made up of silty clay, silt and sand
substrate. In the southern part of Texas along the Rio Grande there are
diverse assemblages of trees, shrubs, vines and local areas of palm groves.
Further north, along the Brazos, Colorado and San Bernard River Systems,
the fluvial woodlands are composed of water-tolerant hardwoods including
pecan, hickory, Tive ocak, elm, hackberry, magnolia, sweetgum, red haw,

ash and shortleaf pine. The areas are subject to seasonal floods.

I1B. Fluvial Brushland

Fluvial brushland areas are composed of sand and silt substrate and
are occasionally flooded. They are vegetated by dense mesquite, chaparral,
ebony, brazil, guayacan, althorn, cactus and sparse grasses. The area
is extensively cultivated.

Locations with these characteristics dominating are the Rio Grande

Floodplain and the Arroyc Colorado Floodplain.
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Coastal Wetlands

ITIA. Saltwater Marsh

Saltwater marsh areas are flooded daily by tidal action and contain
plants such as cordgrass, giasswort, seep weed and sea oxeye. Saltwater
marshes, as are the brackish to freshwater and brackish-water, are areas
of high organic productivity and are a fundamental nutrient link in the
bay and estuary system. Common inhabitants include mammals and fowl.

Saltwater marshes are commonly found along the Texas coast north of
Baffin Bay on the back sides of barrier islands and along the margins of

ancient as well as presently active deltas.

ITIB. Brackish to Freshwater Marsh

Brackish to freshwater areas grade into salt marshes and contain
plants such as coastal sacuhuista, marshy cordgrass, big cordgrass, bullrush,
cattail and rushes, Common inhabitants of these areas are snakes, mammals
and fowl,

Good examples of this land use capability unit are along the Sabine-

Matagorda reach of the waterway.

111C. Brackish-water Marsh

Brackish-water marsh areas are low and perennially wet. These marshes
are supplied with salt water from storms and fresh water from rainfall and
runoff. Vegetation in the area includes saltgrass and rushes and is
inhabited by mammals and fowl.

As might be suspected brackish-water marshes are frequently associated
with freshwater marshes and often grade into them. Examplies of such

occurrences exist between the waterway and the gulf from Sabine Lake to



31

Galveston Bay.

Coastal Plains

Qccuring landward from water masses are coastal plains or flat uplands
which extend from sea level to an elevation of approximately 100 feet (30.48 m;.
Topographic relief is generally slight with most local relief beinag produced
by headward eroding streams and salt domes. The coastal plains are underlain
predominantiy by ancient deltaic, fluvial and barrier-strandplain sediments.

Most of these areas are traversed by elongated sand belts.
IVA. Prairie Grassland

Prairie grassland area consists of flat to gently rolling uplands with
prairie grasses and mud and sand substrate. Much of the area commonly
contains bluestem, indiangrass, sparse mesquite, hackberry, huisache,
chaparral and cactus. Animal inhabitants in the area include fowl and
small animals.

Characteristic of many portions of the coast, these grasslands may be
found very close to the waterway on land-cut regions such as the reach
between Sabine Lake and Galveston Bay and the reach bordering East Matagorda

. Bay and Matagorda Bay.
IVB. Loose Sand and Loess Prairies

Loose sand and loess prairie areas are commonly overgrazed and have
scattered oak mottes. Freshwater marshes appear in blowouts and depressions
in wet cycles. Inhabitants in the area include rodents, mammals, snakes
and fowl.

Loose sand and loess prairies are a dominant feature below Corpus
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Christi Bay bordering the Laguna Madre to the Baffin Bay region.

IVC. Intense Wind Deflation

Areas of wind-tidal-sand activity cause sand sheet erosion. Salt-
tolerant grasses on small unmapped clay dunes are found along with algal
mats.

Areas of intense wind deflation occur with frequency below Baffin

Bay and on the landward side of the canal bordering the sand flats.

IVD. Saline Grasslands

Saline grassland areas are located along the southern part of the Texas
Coast near Brownsville, They are vegetated by coastal sacahuista, other
salt-tolerant grasses and alkali weeds. The inland saline grasslands grade
into brush-covered bottomlands and fluvial brushlands. The coastal areas

grade into saltwater marsh,

Made Land and Disposed Dredged Material

Made land areas are composed of dredging sediments used to fili
shallow bay areas and wetlands for increased-1and utiTization. This fill
material exhibits highly variable physical properties. Disposed dredged
material is the waste sand, mud, and shell emptied into bays or adjacent
Towlands during dredging operations and oyster shell production. The
margins of these dredged material islands are highly susceptible to wave

and current activity.
YA. Made Land

Made Tand areas are composed of dredged sediments used to fill shallow

bay areas and wetlands for development and industrial purposes. The
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sediments (sand, mud and shell) come from barrier, marsh and delta areas

and have highly variable physical characteristics.
VB. Subaerial Disposed Dredged Material

These areas are composed of waste sand, mud and shell dumped into
bay or adjacent lowlands during channel construction. The material
usually forms islands elongate to circular in shape and protruding up to
20 feet (6.2 m) above mean sea level.

Subaerial and subaqueous material occur almost the entire length of
the waterway with the distinguishing factor being elevation. The land-
cut region on map sections A-A to B-B contains a continuous subaerial

dredged material site paraliel to the waterway.
YC. Subaqueous Disposed Dredged Material

Subaqueous dredged material sites are areas of mixed substrate along
dredged channels and near dredged oyster shell beds. Sediments are commonly
poorly sorted sand, silt and mud. Biologic assemblage depends upon the
age and the position of the dredged material within the bay. The disposal areas
supply Targe amounts of sediments to the bay and estuary system and expose
the poorly consolidated sediments to the action of storm waves. The
suspension of these fine sediments results in turbid conditions which
affect the photosynthetic activity and the dissolved oxygen content.

Characteristic of many of the deeper bays and water masses, the

Houston Ship Channel in Galveston Bay is bordered by subaqueous dredged material.

Coastal Barriers

The barrier islands which parallel the Texas Coastline are highly

permeable Tand bodies separated from mainland bay lagoons and estuaries.
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The elevation ranges from sea level to fifty feet (15.24 m) and the island

width is from one-half mile to three miles (0.8 to 4.83 km).
VIA. Beach and Shoreface

Beach and shoreface is an area along the gulf side of barrier islands
where high wave energy and current activity exists. The shoreface extends
from lTow tide to a depth of 30 feet (9.14 m). The Tower shoreface is an area
of abundant biological activity characterized by burrowing animals such as
crustaceans, molluscs, worms and echinoderms. The upper shoreface is an
area of active sediment transport. The beach extends from low tide up
to the vegetation Tline and is characterized by clean, highly permeable sand
and shell. The upper beaches supply sand for the maintenance of fore-
isTand dunes.

Almost the entire coast exhibits some type of coastal barrier and all

these islands are characterized by beach and shoreface on the gulf side.
VIB. Fore-~Island Dunes and Vegetated Barrier Flats

These areas are grass-covered, stabilized dunes and sand flats between
the beach and bay-side marshes that cover most of the barrier islands.
Vegetation consists of salt-tolerant grasses, rare mesquite, and live oak
trees.

These areas occur on all the barrier islands above the Laguna Madre

and intermittently from Corpus Christi to Port Isabel.
VIC. Active Dunes

Active Dunes are areas of actively moving sand resulting from the loss
of vegetation on fore-island dunes. The sand eventually migrates into the

bay and lagoon areas. These areas are most common on Padre Island where
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the Tow rainfall and persistent wind are a deterrent to vegetation. Dunes
are aligned with prevailing south-easterly winds and are composed of highly

permeable sands.

VID, Washovers

Washovers are areas on barrier islands %z to 3 miles (0.4 to 4.83 km)
wide which channel hurricane storm tides across the islands into bay areas.
A large number of the washovers occupy abandoned tidal channels.

Others are the result of poorly developed fore-island dunes. The wash-
overs are areas of intense current activity and scour off large volumes

of sand,
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Table 3. Summary of Land Use Capability Units

Length /a Length
Land Use Capability Unit (Miles) (Percentage)
Bays, Lagoons and Estuaries
IA River-Influenced Bay 13 1.55
IB Enclosed Bay 63 7.50
IC Reef and Reef-Related Areas 12 1.43
ID Grassflats 117 13.93
IE Tidal Inlet and Tidal Delta 12 1.43
IF QOpen Bay 113 13.45
IG Enclosed Hypersaline Bay 51 6.07
IH Sandflats 52 6.19
IJ Bay or Lagoon Margin 32 3.18
IK Subaqueous Sandflats 3 0.36
IL Restricted Hypersaline Bay or Lagoon Margin 12 1.43
IM Restricted Bay Center - 0.00
IN Fresh to Brackish Water Bodies 7 0.83
River Systems
ITA Fluvial Woodlands 12 1.43
IIB Fluvial Brushlands -- 0.00
Coastal Wetlands
ITIA Saltwater Marsh 89 10.59
ITIB Brackish to Freshwater Marsh 140 16.67
ITIC Brackish-Water Marsh 8 0.95
Coastal Plains
IVA Prairie Grassiand 71 8.45
IVB Loose Sand and Loess Prairies -- 0.00
IVC Intense Wind Deflation -- 0.00
IVD Saline Grasslands 26 3.10
Made Land and Disposed Dredge Material
VA Made Land g %g .-
VB Subaerial Disposed Dredged Material 235 7 -
VC Subaqueous Disposed Dredged Material 90 -~ -
Coastal Barriers
VIA Beach and Shoreface -- 0.00
VIB Fore-Island Dunes and Vegetated Barrier Flats 7 0.83
VIC Active Dunes - 0.00
VID Washovers - 0.00
TOTAL 840 100.00

/a Length which the canal or dredged material passes through or is adjacent

to the land use capability unit.
/b Not included in total.
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SCALE 1{:250,000

Figure 7C. Land Use Capability Units for Galveston Bay



a1

000°06E :1 3VIS

Aeg 159 4oy s3lun A1ipiqedey asn puel @/ 34nbid




42

000'062 :1 FIVIS

€ &
S3ITUN

[

140daad, JeaN situn A1L]iqgedey asq puel 3/ a4nbiyg




43

JBALY OpR40]0) JedN S1iup A3iliqeden esp pue] 4/ sunbiy

goo‘o6e ¢y 3VIS

i = | = |
O [+ 14 [3 2 I [8)

SN
M




44

SCALE 1:250,000

Figure 7G. Land Use Capability Units for Madagorda Bay
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CHAPTER III

WATER AND SEDIMENT QUALITY

Field Sampiing

The sampling program along the Gulf Intracoastal Waterway (GIWW) was
established in order to ascertain background water and sediment quality.
Sampling stations along the GIWW were selected at approximately six-mile
{11 km) intervals. Wherever the canal intersected a river, additional stations
were added. A Titerature review of environmental quality along the canal
was conducted and past problem areas that had been identified were also
sampled.

The field sampling programs were conducted along the total Tength of
the waterway in January 1975 and August 1975 from the research vessel
RY/EXCELLENCE., An outboard motor boat was used for sampling selected areas
of the waterway in May 1975. The RV/EXCELLENCE was equipped with water
quality monitors to measure water temperature, dissolved oxygen, salinity,

pH, Eh, and turbidity. The following sampling procedures were employed.

a, MWater depth in feet was determined by a fathometer aboard the
sampling vessel.

b. Water salinity was measured by an electronic salinity meter, which
had been calibrated against known salinity standards. |

c. The dissolved oxygen in mg/1 was read directly from an oxygen
meter. The meter was calibrated using the air calibration
technique, as well as standard oxygen titration procedures.

d. Water temperatures were measured electronically with a mercury

thermometer used as a standard.



54

pH measurements were made with a pH meter calibrated by standard
buffer solutions.

Water and sediment Eh (oxidation-reduction potential) were

determined using a Corning Digital 110 pH-Eh meter. The Eh
measurements were made using platinum and standard calomel electrodes.
Turbidity was determined using a Hach turbidity meter. The

instrument was calibrated against a standard solution of 100

Formazin turbidity units (FTU}.

Water samples were obtained for laboratory analysis of total

organic carbon. The samples were purged and sealed when collected

in glass ampules after the addition of potassium persulfate and
phosphoric acid as a preservative. ‘

Samples for later water quality analysis were obtained from a mid-
depth Tevel by the use of a metal free Kemmerer water sampler. A
one-1iter cubitainer was filled approximately 3/4 full, marked with
the station number, date, and N for nutrient. The sample was then
placed in the freezer aboard the vessel and it remained frozen until
subsequent analysis for solids and nutrients. A second one-Titer
sample was obtained for metal analysis and marked with an ¥ for metal.
Sediment samples were obtained using either an Ekman Dredge, or
Phleger gravity corer. The corer was equipped with a four-foot (1.22-m)
barrel. The barrel was lined with a cleaned 1.5-inch (3.8-cm)
diameter plastic core tube. After sample collection, the plastic
tube was removed from the core barrel and sealed at each end with
polyethylene film and cork. The samples were immediately frozen and
later transported to the Texas A&M campus where they remained frozen
until time for analysis. When cores could not be obtained, a grab

sample was taken for chemical analysis by an Ekman Dredge with
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care not to introduce metal contamination into the sample. The
sediment was then placed in a clean one-guart plastic freezer
container, or Hasco Whirl-Pak Plastic bag, labeled and frozen.

k. Sediment Eh was determined immediately at each station. This was
necessary since the Eh of the sediment is subject to rapid change
when exposed to air. The sample was analyzed in the same manner as
water Eh using the Corning Digital 110 pH-Eh meter. Sediment pH
was analyzed immediately by immersing the pH electrodes into the

sediment and recording the meter value.

Water Quality Analysis

The water quality parameters determined in the laboratory included
total suspended solids, total organic carbon, selected heavy metals, and
the nutrients including ammonia, nitrate and nitrite nitrogen and phosphate
shosphorus. Al1T1 analyses were carried out using analytical methods described
in the APHA publication "Standard Methods for the Examination of Water and
Wastewater, " 13th Edition, 1971 or the EPA Manual, "Methods for Chemical
Analysis of Water and Wastes,” 1974. The procedures are briefly described
in this section.
a. Suspended and volatile solids were determined gravimetrically as
per APHA Standard Methods.
b. Samples for total organic carbon were preserved and determined
utilizing the ampule method of the Oceanography International Carbon
Analyzer System.
c. Heavy metal analyses of the water for Cadmium (Cd}, Copper (Cu),
Lead (Pb), Mercury (Hg), and Zinc (Zn) concentrations were conducted.
After the samples were adjusted to pH 3, ammonium pyrrolidine

dithiocarbamate was added, and the metals were extracted in 4-methyl
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2-Pentanone (M.I.B.K.}, and analyzed on a Perkin-Elmer Mode] 303
or 403 Atomic Absorption Spectrophotometer.

d. Nutrient analysis consisted of the evaluation of ammonia-nitrogen
(NH3«N), nitrite-nitrogen (NOZ-N), nitrate-nitrogen (NO3-N), and
phosphate-phosphorus (P0,~P).

e. Ammonia nitrogen was measured by a colorimetric modification of the
Nesslerization method as per Standard Methods for the January samples,
Samples obtained at other times were analyzed according to the
SeTective Ion Electrode lMethod, EPA 1974, in order to expedite
analysis time.

f. Nitrite and nitrate nitrogen concentrations were deteymined by
using an automated colorimetric system (Technicon Auto-Analyzer II
system). This EPA approved method determines NO,-N by the conventional
diazotization-coupling reaction. The NO3nN is reduced with hydrazine
sulfate and the nitrite thus formed is determined in the above manner.
Subtraction of the NO,-N originally present in the sample from the
total NO,-N found, gave the original NO3~N concentration in terms
of NOZ-N.

g. Phosphate phosphorus was analyzed as orthophosphate by the Ascorbic
Acid Method for the samples obtained in January and August. For
the samples obtained in May, a persulfate digestion was first employed

to express the data as total phosphate phosphorus.

Sediment Analysis

Sediment samples were obtained at all but three stations on the January
cruise. These three stations have a bottom consisting of either hard clay, fine
sand, or shell which the samplers could not penetrate. At the time of analysis,

the frozen cores were removed from the plastic core tubes, and split into
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fractions by depth and sediment type. For the majority of stations the

top 3.9 inches (10 cm) was thoroughly mixed and analyzed according to the

EPA guide "Chemistry Laboratory's Manual, Bottom Sediments," 1969, as compiled

for the Great lLakes Region.

a.

The

The Five-Day Biochemical Oxygen Demand test for sediments was con-
ducted by blending weighed amounts of sediments in biologically
seeded saline water. A YSI Model 57A Oxygen Meter was then used

to determine the dissolved oxygen values.

The percent of total volatile sediment solids was determined in
accordance with EPA procedures (1969).

Metals analysis of the sediment for cadmium, copper, lead, and zinc
followed the EPA procedure. Briefly, this consisted of leaching the
metals from the sediments by digestion with concentrated nitric

acid and 30 percent hydrogen peroxide, concentrating by evaporation
and placing in a 10 percent acid solution. The metals analysis was
performed on a model 303 or 403 Perkin-Elmer atomic absorption
spectrophotometer in accordance with the manufacturer's recommended

procedures.

Previous Studies Along Gulf Intracoastal Waterway

following reports have been published and serve as an available .

reference of past data collected for sections of the Gulf Intracoastal

Waterway.

a.

Maintenance Dredging GIWW by Army Corps of Engineers. From Nov.
1971 to July 1973, physical and chemical data were obtained for
water and sediment along the Gulf Intracoastal Waterway near

dredged material disposal sites (U.S. Army Corps of Engineers, 1975).
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g.

Galveston Bay Project—Compi]ationcyFWaterQuality Bata from July
1968 to Sept. 1971 by Tracor Inc., Austin, Texas. Physical,
chemical and bacterial data were obtained for selected stations

in Galveston Bay (Huston, 1971 and 1973).

Seadock Offshore Supertanker Port Facility. Report prepared for
Seadock Inc. Houston, Texas in part by Civil Engineering
Department, Texas A&M University. Physical, chemical and
sedimentary data were obtained in the area offshore from Freeport,
Texas, as well as from rivers and the Intracoastal Waterway in
this same general area.

Water Quality Management in the Brazos River Coastal Zone by R.E.
Withers and R.L. Garrett (1975). During 1974, physical, chemical
and sedimentary data were obtained in the Brazos River, GIWW,

and other waterways in the Freeport, Texas area by the Civil
Engineering Department, Texas A&M University.

Sediment Analysis Galveston Bay by R.l{.-Hann and J.F. STowey (1972),.
From December 1971 to July 1972 sediment data regarding heavy
metals, oxygen demand and pesticides were measured by the Civil
Engineering Department, Texas A&M University.

Matural Background Levels of Heavy Metals in Texas Estuarine Sediments
by J.F. STowey, et é].(1973). Sabine Lake, Galveston Bay Area

and Corpus Christi Bay Area were sampled from January 1972 to

July 1973 by the Civil Engineering Department, Texas A&M University.

Field and Analytical Studies of the Corpus Christi Ship Channel
and Contiguous Waters by R.E, Withers,et al (1973). From
September 1971 and 1973 heavy metal determinations were conducted
to demonstrate the use of an analytical model by the Civil

Engineering Department, Texas A&M University.
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h. Field Studies in the Brownsville Ship Channel and GIWW by R.E.
Withers, R.L. Garrett and R. Maldonado (1975). Physical and
chemical data were obtained for water and sediment by the Civil

Engineering Department, Texas A&M University.

Results

Graphical representations of the water and sediment quality data are
presented in the following pages. A1l of the parameters which displayed
a significant variation in concentration were plotted. The water and
sediment quality data are listed in tables in the Appendix. Several of the
parameters exhibit seasonal fluctuations which could be attributed to
flooding conditions encountered while sampling in January and May.

In the following figures, points connected by a solid Tine represent
the January data, while a dashed line denotes the August data. Individual
points marked with an X were recorded in May. Points that are denoted
with a solid circle represent values obtained by other agencies at various
times of the year in that location. Sample values obtained in rivers
upstream from the GIWW are not included in these figures. The data for
some of the parameters were for surface water while others were from a
middepth location., Mileages obtained from the figures may easily be correlated

with their approximate location by use of Table 4.

Discussion

Data obtained for some of the parameters in this study remained fairly
constant along the GIWW. These included the percent saturation of dissolved
oxygen and temperature which were affected by seasonal fluctuations. Changes

in pH were generally associated with salinity variations.
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Reach One ~ Orange to Galveston Bay

Reach One includes the area from Sabine River to Galveston, a dis-
tance of ninety miles (mile 266 to 356). The region is primarily wet
subtropical with an average rainfall of 38 to 50 inches (965.2 to 1270
mm) per year, This large rainfall and subseguent high river inflows into
the bay systems produce low salinities in much of this reach. Galveston
Bay and Sabine Lake are the major bodies of water in the reach with the
GIWW acting as a connecting 1ink between them.

When reviewing the data for this reach the parameter with the Targest
variation was the salinity. The Texas GIWW begins in the Sabine River
near QOrange and continues toward the coast along the west side of Sabine
Lake. At a point near Port Arthur the GIWW Teaves the lake and proceeds
toward Galveston Bay in a channel that is almost complietely man-made.

The saltinityremained near that of fresh water until East Galveston Bay
was approached about mile 332, Figure 8.

These data indicate that freshwater flows from Sabine Lake into
Galveston Bay are very significant since chemical pollutants in the waters
of the Sabine River or Lake could be transported directly to Galveston Bay
via the GIWW. Due to the high concentration of industry in the Beaumont-
Port Arthur-Orange area, as well as the associated high level of shipping
in the reach, the probability of an accidental chemical discharge into the
water is ever-present. Depending on the substance, concentration,
and location, the environmental effects could be severe.

One highly visible examplie of this problem is the advance of water
hyacinth from the area of Sabine Lake down the GIWW. This situation was
first noticed on the August 1975 cruise. The water hyacinth was rapidly

multiplying in secluded portions of this reach along the canal shoreline.
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In at least one instance, this plant had almost extended across the entire
width of the canal. The hyacinth is being spread by the natural currents
as well as barge traffic. A herbicide similar to those used on lakes may
be reguired to deal with this problem.

Changes in water salinity are accompanied by changes in pH and Eh,
Figures 11 and 12. The pH values of the water ranged from 7.4 in the fresh-
water section to 8.4 in the bay. Variations in these parameters can be
observed as a steady increase closely following the salinity gradient.

Turbidity values, Figure 13, for this reach maintain a higher level than
those found in any of the other sections. In January, this was due to the
large volume of sediment-laden river water entering the reach. The predominately
silty-clay type soil found in the upper part of this reach can easily become
suspended in the water. llone of the values, however, should present any
severe problems to aquatic organisms.

The highest phosphate values obtained in the study were recorded in the
area where the Houston Ship Channel intersects the GIWW, Figure 14. Phosphate
values obtained in this area correlate well with previous data. The data
seem to indicate a seasonal trend whereby the phosphate Tevel rises in the
fall or winter and declines in the summer months. One possible explanation
for the values is that large amounts of phosphate probably enter the bay
from the numerous industrial and urban sources. One effect of this seasonally
produced phosphate-rich water could be an increase in the number of photo-
synthetic planktonic organisms in the area. If the dissolved oxygen percent
saturation values are observed in Figure 9, the values rise in this area on

each of the three trips.
Ammonia, nitrate, and TOC values 1in this reach were generally greater

than the values obtained in the other reaches, Figures 15, 16, and

19. The probable reason is the high industrial and municipal
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concentrations in this reach. Several locations were observed where urban
runoff directly enters the canal. Nitrite nitrogen values were also observed
to rise in a part of the reach called 0i1 Well Slough.

The solids concentration in the water was Tower in the August trip than
in  either of the other trips, Figures 17 and 18. In May much rain and
flooding was encountered, with January also being a fairly wet month. For
most locations the volatile solids were between 10-15 percent of the total
solids concentration indicating no excessive organic loadings.

When dissolved metals in the water were analyzed in this reach, Fiqures
20, 21, and 22, none were above the recommended EPA quidelines values for a
marine or freshwater system. A very interesting plot was obtained for
lead in the January data. Many scattered peaks were obtained at this time
for lTead only in reach one and the first part of reach two. Therefore, a
strong correlation seems to exist between these peak values and the percent
of commercial traffic and urban runoff in these areas.

Zinc values were high in this reach as compared to the rest of the
waterway. The many industrial and domestic uses of this metal are probably
responsible for these values occurring in the water. None of the stations
had a value for zinc greater than the recommended level of 100 ppb. Most
of the stations had values much less than this value.

Copper values were high in January and May where the Neches River joins
the Sabine. Since these were wet months and many industries are located
in this area, water runoff was probably responsiblie for an increase in
copper and lead in this area. All of the stations in the area of the inter-
section of the Houston Ship Channel and GIWM displayed a rise in dissolved
metals values in dJanuary and May. This rise is probably attributable to

increased runoff into Galveston Bay during this time of the year.
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The metals in sediment for reach one correspond fairly well with the
metals in water at each location. A cause of some concern is that
the cadmium level increases to between 2 and 3 ppm alternately in January
and May in the first two stations. Since these sites are near industrial

activities, they should be investigated further as to the possible source

of the metal.

Data obtained for copper in the sediment of stations located in
Galveston Bay agreed well with values obtained by the Civil Engineering
Department (Hann and Slowey, 1972). Lead values, however, were somewhat
higher in these locations than had been previously published in this same
report,

Zinc values in the sediment of this first reach were about the same
as observed in the other reaches. No relation can be seen between
the values and the water quality or specific industrial sites along the

reach.

Reach Two ~ Galveston Bay to Corpus Christi Bay

The second reach extends from Galveston to Corpus Christi a distance
of approximately 182 miles, (mile 356 to mile 538), Climatic conditions in
the reach are produced by the semi-arid area to the west and humid regidn
to the northeast, with warm moist winds from the Guif always present. The
average annual rainfall varies from 30 to 38 inches (762 to 965 mm) per
year, a decrease of twenty-five percent from the first reach.

This reach has many bays with rivers flowing into them. Corpus Christi,
Nueces, Aransas, San Antonio, Espiritu Santo, Matagorda and West Galveston

are the main bays in this reach. Corpus Christi and Matagorda Bays are
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the deepest bays with large sections exceeding 12 feet (3.66 m). Several
barrier islands stretch along the coastline and serve as one side of the
bays. They are characterized as high, vegetated sand dunes that have been
fairly well stabilized in their location.

When analyzing the data obtained for this second reach, the greatest
variability is found in the salinity, Figure 8. It follows an expected
pattern of rising where Guif waters come into direct contact with GIWW water,
and falling in the area of major river inflows. The January values closely
parallel the August data with the only difference being consistently lower
salinity values in January due to higher river inflows and Tess evaporation
in the area. Turbidity values for the reach were similarly less in August
than January, and were also related to stream flow conditions.

Phosphate values in this reach were found to vary considerably,

Figure 14. Many of the peak points correspond with significant water
inputs to the bay or directly to the GIWW. The highest values for ammonia
nitrogen aleng reach two were found in the Brazos River area. These

are consistent with values previously reported by the Civil Engineering
Department, Texas A&M University (Withers and Garrett, 1975). In their
studies major sources of ammonia in the Brazos River have been related

to the many domestic sewage treatment facilities scattered along its banks.
High vatlues for nitrate nitrogen were also recorded in the Brazos River area,
and were attributable to the same sources. Another rise in ammonia was
also noted in the Caney Creek area (mi. 419) which has several small towns
along its upper shores. Elevated nitrate values in the January data were
in the area of the Colorado River and the town of Matagorda. As can be
seen in Figure 16, an abrupt rise is evident when approaching the river and
then slowly tapers back down to the detection Timit. The source is

similar to the situation encountered in the Brazos, sewage plant effluent
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upstream as well as increased surface runoff due to high January river flows.
The solids and TOC concentration in the water displayed expectedly increased
values for samples obtained near the rivers during the wet season.

Copper dissolved in the water was detected as being above usual concen-
trations in May around the Brazos and San Bernard Rivers. This increase was
apparently due to the unusually high flooding conditions at the time of
sampling. A slight increase was also detected in the vicinity of the Colorado
River in January for copper and zinc.

Cadmium values in the sediment increased somewhat in the areas surrounding
both the Colorado and Brazos Rivers in January. This could be due to the
various types of influent waters these rivers receive upstream from towns
and their related industries. Higher values for zinc and lead were also
detected near the Brazos River. Zinc was found to be high in both the water
and sediment of the Brazos River. Values for all four metals in the sediment
at the Brazos River agreed well with other studies conducted in this area
(Slowey, et al, 1973).

Data obtained for lead and zinc correlated well with previous values
in the San Bernard River area (Slowey, et al, 1973). It should be noted that
the metals concentration in this river was much less than in the Brazos River.

The concentration of lead and copper found in the sediment of Matagorda
Bay, agreed closely with unpublished data obtained from the Bureau of
Economic Geology at the University of Texas. In this study a rise in the
concentration of lead in the sediment was detected surrounding mi. 462.

Sediment samples obtained in Corpus Christi Bay did not indicate any
significant problem areas. Metals concentration problems that have affected
the nearshore harbor areas have apparently not spread to the other side of

the bay. Zinc values in the bay were somewhat higher than those found in

the GIWW. These values, however, agreed with previous
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Civil Engineering Department data (Withers, et al., 1973). The lead concen-
tration encountered in the bay was in the same range as had been previously

reported by U.S. Geological Survey Data for 1974,

Reach Three - Corpus Christi Bay to Brownsville

The third reach extends from the Corpus Christi Bay area to near Port
Isabel, a distance of 153 miles (mile 538 to mile 690). Low rainfall values
of 26 to 30 inches (660.4 to 762 mm) per year characterize this semi-arid
stretch., The GIWW is protected by Padre Istand which extends along its
entire length. This barrier island is typified by high sand dunes and sparse
vegetation., Three major bay areas are located along this area, upper and Tower
Laguna Madre as well as Baffin Bay. The Laguna Madre averages only 2 to 3
feet (0.61 to 0.91 m) in depth.

A unique characteristic of the Laguna Madre is the lack of marsh areas
and presence of extensive mudflat areas. It is believed that high salinity
values in the soil are chiefly responsible for the lack of vegetation in
these areas. Large areas of submerged vegetation, however, provide most
of the biological productivity in the area. Salinity is a major factor
in the biological productivity. WNatural hypersalinity has been reduced in
recent years by construcion of ship channels and the GIWW. Salinity values
prior to this construction often exceeded 60.

Dissolved oxygen, pH, temperature, Eh, and turbidity data remained
fairly constant throughout the reach with variations occurring only in
localized areas.

The data shows slightly elevated levels of ammonia, nitrates and
nitrites around the intersection of the Arroyo Colorado and GIWW, Figures
14, 15 and 16. When samples were obtained upstream in the Arroyo Colorado,

an increase in the concentration of one or more of these parameters was
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also detected. Since this waterway serves as the connecting channel to
Port Harlingen and other small towns and leisure homes along its shores,
numerous opportunities exist for domestic wastes to enter the channel, None
of the nutrient values were found to be excessive in this reach.

0f the metals analyzed in this third reach only copper and zinc displayed
definite peaks, Figures 20 and 22. Both of these metals varied considerably
along the section showing simultaneous peaks at several different locations.
Zinc values in the GIWW near Baffin Bay show a small rise in both the water
and sediment. An area bordered by Port Mansfield and the Arroyo Colorado
exhibited values higher than those typically found in the area for
these two metals in both the water and sediment. Since several small towns
are located along the Arroyo including Port Harlingen, they could be a
source of metals input through runoff. In addition to these two metals, lead

and cadmium also exhibited a rise in this same area.
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TABLE 4.--Mileage-Location Correlation.

GIWW Mileage Location Reference
265.4 Sabine River about 6.6 mi. (10.62 km) upstream from Sabine Lake
276.6 Neches River
278.0 Sabine Lake
285.0 Port Arthur
290.0 Taylor Bayou Outfall Canal
305.4 Spindletop Gully
315.0 011 Well Stough
320.5 East Bay Bayou
329.8 Opening to East Galveston Bay
342.5 Bolivar Peninsula
350.2 Intersection of GIWW and Houston Ship Channel
353.4 Galveston Bay
358.2 West Galveston Bay
374.0 Near Chocolate Bay
395.4 Near Freeport
400.8 Brazos River
405.0 San Bernard River
428.4 Opening of East Matagorda Bay into GIWW
444.7 Harbor at Matagorda
441.5 Colorado River
453.5 Opening of QOyster Lake into GIWW
460-471.2 Matagorda Bay
479.0 Opening of Espiritu Santo Bay into GIWW

492-498.4  San Antonio Bay
517-524.2  Aransas Bay
530-536.3 Redfish Bay
542-548.8  Corpus Christi Bay

555.,6 Upper Laguna Madre

580.8 Baffin Bay

631.4 Near Port Mansfield--~Lower Laguna Madre
646.0 Arroyo Colorado

670.0 Port Isabel



69

A3LuUL{ES J@38M 8ovlung ‘g JunbLy

SINAN  F1NLVLS

oge 09y or9 029 009 0BS . 096 . ore . Qg . oog _
b~
\..o\e...\;w\ o ]
Pl \\ o /.-/ \
\ A
o o e S °
7 P g g o 7 g \
Ehgol oh o @ ] @ — g %
of Sl wCe B e PN A
uuwcaw v Xorln\x-\wﬂo\hkﬂ /..ﬂ, I Toan PR e R i
X il Omo AT g T R TIP I — —o- o) - Vs
S L
o8y [wl=]4 2 agE O9F ove Qcg QoE Q8

~5 l/ .
a— -1

_ ' frocac—s S e S e Eo e
.\-\M..o\

A i
Alv \ \K\ﬁ‘ d\ﬂl IO.. 7

A e e oug o . T
// Fo) 7/ A\ \\O
2] < F——g T o . G =
R - ~— = T = gy
* a‘/)-/ o \h @ 3 [ ]

A | L]

vy’ 4

S3ANLS 43HLIO Wodd @
VIVG GLGI ONY ~-e-
Vivad G461 AVN ¥
ViV GLBl NYP =—e-—

095 ALINITVS

o
&y

°% ALINITVS

9
-




70

usbAxQ PaAr|0SSLE UOLIBUNIRS JUIDUDG 9DR4UNS  '§ 3unbi g

SATA JLNLVYLS

089 099 [054% 029 _ 009 08s _ 08% . [ok:24] : Qcs ] [#]8]] ol
oz o
" w
o Ob S
i O
@ ° ,Om M
a b 2 o8
e ..s!‘“-‘f Ax X K&. ¥ ’ - ifanss ar ¥ @ @ gt P B.O\\Q .;C b P R, o ;I-W hJ ° O .Ooh —IJ
.\_.. ° B e \-/1&..\..#\*“ E T . |- ‘o Be;e.,mW\\ fl.io‘\ \mﬂ\ Te ,a.o.lmlo\if/.\\ -\!&u. o\\a\o.. ol L |anl o ew.do/h\;.ula T G
e il T SRSy ;..,..al.olisx e ° ° ¢ L] o ] ,?... L ° 8 - e/ PRt e O
002 ¥
° <
1 3]
in
(0]24 4 09t O (0F44 . Cor (125 . gse ore _ 0ge i 00¢ i 08z ol <
O
o~
oe w
>
p o]
ad*™ or C
@ ooooo- \.-.., 05 W
* . ZEE A D
o - ? " o Ko I S G BE NI Vs Ja
e N ...\..l.,..um_.. AWPE LTI n_\uu.wn.%,umquzw. ;.n,.......\.r.. S JH.V,\.&.\l o e C b "% " 40, o
losa ome . L - %0 o o @0 .o s H
b— ST Pt d e o /- --erC T~ e~ - N ¥ ’ e N
T e e ° e.z._- ° RILN N ) ,,c. o
SFONLS Y3H10 Wb 00
VAVG GL6! 9Ny --e--
viVO G261 AVIH % J
vivd 661 Nyn-—-—

030) 4



71

aunjedadus] J49jepM 92ejAng  "pl dunbi 4
oge 099 oro oz9 009 08% 09¢ ors oz8 oos 5
L T T T T 1 T T
ONLS Y3HIO WoYd @
vivad G/6l 9Ny --s - ol
VIvVQ GI61 AYW -
L6l 'l ~ N
vivg NYr —- " e T AW, Vaimanad: WL Woa G
Jruy ] Seeemd’ Ry @ Y a R
- o o=,
o0 o9 SN \o
N, M 0z
) 74
@
o |®
@
%9 i o eoeodge, & ° ¢ 8 o °
le i J— M@rl — et —g— —o~— o i?in.I.W”@o o~~~ — o 4 rnlﬂ.o.s @] h‘.w.llol.@;oslnw.a -—0- JoE
-1
o8y oov orvy ozv oor oee 09E org oze O0fF 082 c
T L T | T
e S N s ot Do, o1
Yoga” h G g 1
~ - / P fa! v\
vllel.arsr\o..etlx eo
peld
® ele ©
oz
Beo @ ¥ 3
o * 62
x X ¥ $
LaT:) x
2] ——1 0
- — —g——%" ~4 G =0 =0 —G— O |- n oa\o..i?u?..xo.\o\oruolHn@..o@. e @@ £
- o
)
8 lge

D, IWNlvy3dn3l

Do YNLYHIdWAL



72

SN BA H:t Jad1eM 9dequnsg [} a4nbL4

S3TIN  31N1VLS

oBg 099 opg 029 , (0]0)=] oss 09¢% ors 0285 oof
1Y T T T L) ¥ T T T ¥
B
@ 9@ o .
o e .0
N . « L q
bt b -
o r\b“f/e e \.I.o X gt /o ] \a\./.\...foié \\-l-\/ a\-./o\.lln\o ) .10{& o .« 9 ] @ @
o] ~ s\ \w o Yt 'l Nomgd "o, \ e -
“o- g 0’ X . PN — o\l\.h.fl..lawbolnunwf . \-/\.
< ||u.|lo|x...o...|:o —o— =P _ PR nla LR - DA IO ~ - / EN A £
« @ ~o— ol | @ -as ° o-=e o~
° e © ® ® e
Q@ © ) D e @
3
087 o9¥F or¥ ozy ooy oge o9g orge ozg ooE 08

T T 3 T T T T T T T
SIANLS H3IHLIO WONS @
Y.lvO S.6! 9NV --e--

ViVA GL6I AVW x o
VIVO GL6] NUF—sw ) \\
— omz@ Z
“ L o T "
@ ot aw% SN A, e
° 2 -1 ~ * ~, m
o4 .o Fatdaet VAV i
9 . @
@ e o ® _:, e / @ a@ { @
o XX ] / °
\%M%. g\./- LR o—s), —-J&\ o I G
M...\ea\\o\mx.!dl..}ﬂllo\cw\hﬂm\ 3 smn.w““w“..w.““ﬂ\1o\ \e/o\ o — ,..o...o...ov\ .4..// Uﬂ.\”&oﬂoy@.w.. - ‘o __h
[} h L o =
- \ g
9




73

ogg

059

ore

(Aw) ui sanjep yj

S3TW  3LNLVIS

oz9

o9

QBS

o9g

oy

A378M 22vJUNg

ozZe

aoe

"2L aunbg

[o
[M—
-
a4

e

e gm0

\ .....\,/.\....\

e

\/ ,,./

/

£ ™

qout '

— N7
A

./

o

(21 4

ort

(2244

ooy

oge

oL

ore

OZE

Q0

ogz

N
h

alr

[->-24

=334

opy

\3

ogY

o9y

oLy

feld 4

ozZy

ory

I

L1

hE

_.sot.\/.\

_-.csﬁ/alon- *

\..

LA

VA

& —

ogy

oLy




74

A1LpLgany JajeM a0egdng ‘¢ adnbly

S3IW A1NLVLS

8S 099 oro ozo o009 0g¢ Qes . ory ozs oge o
S, -0 ety S8 o P I e T e T g 3 e gl e T T . "
J-ﬁ \\...I/..ﬁD\\oe.ll M.Hnuk\ - INWn.\ o/ LY o L™ o da/&l...'lndd“onulono.o ....ii-!o\ y
- LN L) A 4
ot © —o—10&
\ Fd
\ ’
\ o
A \\ [} 4
\LY
3
o9
og
o0l
o2t
a8y o9 crr (o)-4 4 O0F ogge Q9L ore oz (e]0] ogd o
t T T T T T T T T T
T 0%
WA o o o= " AN
o -~ o ~ ~ i L
1. < \oxu St ?...\./hwn ! \\ - M L w\b’lvrh““ l. / o LT oz
wﬂ‘.l.- 4.4 \o) .Vfl ul-._ \ \\-— _— / / o\ - /o / Yo— — '
t o oo, _ ~y ; —_ ;e Py sdd \ - .
\ il 1 W V4 /\ : Vi \ / _
< N \Y} : v 7 or
\0_ ? 4 / \ nx . —
. ” 2 1
n /l L4 ’& \D\ \w ST Ow
| WA
/ \ L° oy / J
. -/ /Pﬁ/\h\ & ﬂ’ \n Om
A\ A IP4Y [l
\

Viva G280 9NY--e--
ViV Si6t NYP=e—

ton
a
e 2
1
=T
(]
o

021

nLd " AL1Qigynt

Nld " ALIIGYNL



75

sanjep 9reydsoyq yIdappLW "l dunbiyg

S3TIW 3JLNLVLS

089 099 ore 029 o0% 08g - 0%g . ors (044 o0s o
T T T T T . ...ilel.“.l lt.l\\!“.n.lul...ll- e
oh\@..lﬂloel...\u.ouuwll”mVX/o.lk X !\.M}-I.lﬂ\.ﬂ.llll.o\-\‘ [ Gl l.“\ l”/ \\ Pf...ﬂullln\“\\el/p\ N f{Ol —e- e \\\0...... t\‘h
L e Ol.l”fO\Ho\\\ ~e do.m-o- b= -0 N ~~at el.-&l...elr b o \u I'o
° - ° - \
o
// o
L 'y
0 O
brn
€0 ©
n.htu.
vo 9
.d
<
S0
90
o8y o9¥ oy o2y oo [0:21% o9¢ . org , 0z . OOf . nes . )
1 T i » = ﬂy.”“
iy - - .oa |0\°III * \/ o-g-—9g L] \n“l \
= " BRI N T

i 07 @ _

b . ~o- oo _ ol p®

N/ Pa s RS T e il L AN
N/

Gzo=bny ) volloeiag
OlO=Uop HUWIT uonoeeg

vivd G.L6! 9Ny--e--
vivad G261 AVW x
ViVQ SL61 NYf«e—)




sen|ep elLuouuy yidspply gl sunbid

mm.n__s_ JLNLVLS

Q89 099 org 029 0BG 09g ors 0zg 00g

L& —serrrr i 3 e o o o-.........c]effr-. e

N A it /\J/Q\/\\ \ -

T - \ < .. Ve °. /
1 s AN o ’ S
v P ,K S s ’ ~o
o o
' / o o e e £~

.~—£
4
rd
b
1
i
e
!
i
!
o
0.z,
.<:____
o/
o
o

e b — e —— = — =

Ndd ¥ N-"HN

& o ; =
§ f '
! |
. N O R S e mea e . ] o,
) ~
20" = 4w uova4aQ v/ R
i
V1Va G261 ONY --o-- v/
ViVO G261 AW x ™
YiV(Q SL6!1 NYF —o= 7
zeb

76




77

SON{eA 1BUILN YIdepp il

"g] a4nbl4
SN 31NLviS
089 099 _ Ov9 0gs 009 . 02¢ 006 o
Bt e BB A B K, D — e @ e G Bl ) — 0 = — B ...u!@l.@'.%l@.l@]?i@iénil&.l@le|s e @— @ —B e \[@l
/\\ /\\f
2 20
oSt by _ Ozb 00y 00g oge
= D@ GO =~ — GHE ] r
i W aaN P N
rs ) L~
/ .q\\ \/a\\ ‘_/.I « " %
2 L X ye 20
; .
/ .\\ ;
\ f =
4 | ()
___ 0 nm..
/ | 3
AN ! 9
N h‘ <
= 90
SO = iy Loi38lag

YiVQ S26! 9NY --o--

VLVG SZ61 AVIN
VIVG G261 NYP mee—

x

i

80




78

SPLLOS pspuadsng |ejo] ‘7| a4nby4
S3NNW 3LNlvLls
089 \ 099 . [0} 23] : 029 : 009 _ 088 _ 0SS _ oG : (942 . 0Qg 0
e~ .u.\el. - e B L M, ST \\oltlu\\ //Qllosllt.louslolnmf/ \\\ol N
M ST O N D N s L | 2N SN a =\ }e \/ -~
b2 n\ /z.\\..\ /.!. \ 4 N1 / - / ' S
/. / ) — .,\ 02 w»
/ / \ 4 o
_ . ] =1
W o
) 5,
i <
8]0} 4
081t 0S4 Obb Ot ole} 4 _ 0Bg . ose . otge . OcE _ 00t . o8¢ —0
R .o\\o;fl%.rro|\10||chu_d|\u..||o.|!o..-ollo:. . _.o \a\\olllouruo.\\enllnl ollw\».rek..allol\lo/,. \\o\.\w‘\\oll n“leum.||\&
e — s R S ] . X Pa o i 22 FAY o
anhn T VAN 1 /\
f 1 ! N .3 L e
; ; / | -
| .

| *

\

j=]
O
o

e
-

b

\
/
\/

\

Py

jo]
=]
<+

ﬁ—--d-‘-‘
omzt |

Yivad G681 AV

VIVO G261 OV --o--
«® |

VIv( G461 Nur —e—

L

o
jo]
w

Wdd W A0S A3AN3JSNS WAL



79

Spt10S papusdsng o{l3e[Op yijdeppiy gL aunbLy

SATA J1NLVLS

o8e 099 Oobo 0z9 olof>] 08¢ Q9¢ org (o4 (0 @)= o
o L e il N
o] o O g . h - \.ﬂrlh....n.q\@ a \\m e -o— —7° ”./. \ s oz
AR o oot i ~~g = 101..! LI - - =T f——e ...II. "
s ra ) o i N ISP o ey eSS
\ < oy
/ \/ N \
\ \/ WY,
~J og
AR
og
L p p 3 - Hool
[ el x v r
os5ix
o8I |x orzx
ogy oSy ory (o4 4 ook ogE o9e ore o2e [m]e] og o
T T T T T T T ~a \!ua’ 2 T o—- D.luli..ll.
e e R e e e I I N
T4 T e .\\.!...ﬂ - VAN AP . oo J-a_. : P o
\/ I/ V » .\./.\/\/\/. i At/ /\
o H 4'
/<\ / y E,\\ — VAR NAA_ L __ VAW
o 4 * /\ /B\ %\ /0\ ’_ ’
a7}
o
> o8
ViVQa G261 9nv--o-- X
Vivd GJBI AVN ¥ . + : 5 s oo}
PTTLLE [ ..o,m_ X E P
VIVA G261 NYf=—e— ok, lom xou ost
B9E i

Wdd W' SAIT0S SA

Ndd ¥ SdIT10S SA



uogie) oLuebap |e3o0] yidappil "6l d4nb1y

S3TNMN  3LNLVYLS

: ogg i 099 : oFg _ ozg : opg i oge : C9g , ore oge Qos o
. 8 Fi
\ L !
h Y 7 T Z
x ' \
\ ___ ,_ \o/// -\ /.
St o N 1 o yl R - LN
VTN ' : ™~ D RN s ¥
N /;,ap//, \\\;h, \ .1|,|:,..¢\\\;//sfra\\\@ N Nt AN W
~ H
> . o ._ PR Y & }
/ ..\ / __. ! o -
v \ I Fa
\ /| y 1 \\
v 7 ! . ) 1 P g
A \ o ' ,
e ©, , L] o= ~o, K
1/; 7 ™ ~. . -
- o ey o]
-
Zl
Qov or¥ o2r aor oge Q9g org [oF44 QoL Q82 0
T T T T T T T T T T T
Z
Fe
L 14
’ D IO AP 14
" “a-fe ool
| _.o// o
T T 3
_. .— /0 PUR—— e\
\ \
- U NN LS
b \
2 = I uoyosie ! \
K a “ h.. ,. /\\\ol - -o//
W.M 25 h P ~ e b ol
VLIvd L6 9NV--e-| 77 T g .. o
Vivad G261 Nylf=s=| |/ _m 2 PALT P |
£2s 81 S g

30

u 201

ndd

201

Ndd w



81

o4

oZ

JageM ul aaddojy jo senpep yidsppil "0z 94nbig
S3NIW Mijqkm
089 099 or9 oze omh .
—_———_ \..oilolle.|f..l..nlxc|f¢.u.aiel...u|on..lINJIIIo|éle.|i:e| o— o
l,I......w\ e\
) ,!./s\.f..\./,.\. N7 /\/ \ / \
X
2E ¥
GEx g¢ |x
BE ¥
o9y oy oz ooy . o8z .
- et e 8 | G O — O e fmm — — d“hrilﬂ‘.ll?a!&:l? o|-o ...olla.le..l...é...mql.ii
o\/ oty 2
O N ../ x /
r/r\ v—o—s9 W4
/. N ol
Gl = 4wy uocyasjag i 12 x
VivQ §461 9Ny --o-
VLVO G160 AVW X
ViVA GLEI NV o o6 % o 3

8dd W 7O

Bdd Y "0



4938M UL peaT JOo saniep yadsppLi ‘(g 84nbl g

SN  JLNLVLS

82

08% o099 ovo 0ze oog ogs o926 org (o ¥ o0g
E] L3 T k1 T L) ) T T 1 4 T
oM XX X 4
R4 < pmrrwm 2 & . 'Tl’ ma— L 9 - d . ] 0 Lid .4 Ly < [ s— O et
X
cgy o9 oh 474 (oF44 (80,4 O8L a9L ofc OcE [2le] 5 oge
XX X X b4 * :
MR i ~ T { I~ A 1A P sl 3 A

O't-=Bny HUIT UolIa48Q

O'1=ADW i uoioe4eQ ¢

G'l=UDP Wi WoND3Iaa
VIVO SL6] 9NV --o--
VIVO GL6I NV —s—|

ddd “ 9d

Hdd “ 9d



83

oro

o9

49]BM UL JULZ J0 sanpep yideppiy gz a4nbiL4

S3TMW  FLNLVIS

cOp

08g

org

ozs

(2320

TLT

L'

w

Y

T

o9 ¥

TT3 T

401

{og

o0t

OBRE

o9

org

=74

0

)
2

O] = dwi uol28iag

ddd W Y27

=)
e

loos

4

8dd "



SIUBWLP3S UL jd £z 3unbLy

S3TN - 3JLNLYLS

089 oes oro oeg 00 oge oSe org oZg 0%

N N A N\

;/./\ /.\ 7 /r/. \ \V NV / \,..i./. - x/\.\..\ ././

Q8r oo Os?¥ ozy oov oee o9 OvE ozZE ooL ogZ
T T T ¥ T T 1 L] T ¥

o A | 7 1~ o N .
.\\ N/ /\/%/\f\ AN \_./\\. /\.\. /.\\/ |

84



SjusuLpas ut y3 “fg =4nbiy

S3ATNW  3J1NLVLS

oey o099  ok9 = Oz9 009 .\m,mm . o9s _obe = S = OOF 00z~
m i \.. , , ool-
1 A o
AN /A s b A

o f\ YOO8
< S
o ooV
oS 2044 o2y oo [8]2] o998 OovE QLE QOE ogZ 002
oot
2
i\ P

N A\/\., AT N A TS 3




86

089

S3TNW  3LNLVLS

SIUBWILPAS UL wniwpe)y °gz aJnbL4

o059 ore oz Q0% oBg (a)=] org ocs o0s
T 1 F T H L T
-/ \a...loilllolllol\.‘.lﬁll \txii.ﬂ L i f/ \\\&/o\t hd
N\, -\ .
X
X
x

o8y o9 obp oz¢ cop ogg Fal-T] or¢g oSE oof gz
. e/ o\.\llﬂl.\‘ ¥ e ¥ v .. v M I X
/\ =1 o ,.’

VIva si61 AVIN X
Yivad GL6] NV e

Ndd Y PO

PO

iNdd U



87

sjuawlpas uL Jaddo) 9z aunbiy

SANN  JLNLVIS

089 099 oro 029 009 08¢ 09¢ org ozs oog

...l:., \“.......f... , \e . o..!.f-. _ \ .Id. \..I.f.\..ll.,.h../\ \./_.ll.a;\ P o

//\ ~ / xx [ A .\. ™~ oz

WANAY )

' )

o8

Q01

ogy oo  ovy _ osy oo 08¢  ove  obe  o0ze o0 08z

e A AN B e R el M e AN N
A 1

: \ ov

09

o8

YA¥Q §261 9NV o oo

Viv(ad G461 AVA X
Vivad S80I NV o

Ndd 2 ™0

Wdd W ™D



88

SINWN  JLNLVLS

SIUBWLPIS UL peaT

"[7 94nbLy

oge g9 or9 o229 o099 oge o095 ore oce Q0%
T T T T .\-l.l-lll.o ! \\ofl-.:o ) \m..l _\o ©
Ly Ot g s / 1o / °
e o e l..!lllllc\o ", /nl...r L\\QIQ /Onllll \ b / ) N \ Q2
T ~ AV g e
X oy ulu.
b3
¥
o) M
=
og
00|
ogy oy orpy ozZy oo oBL ose org oze oo oeZ o
i T T 1 Ll fa. ¥ T
...l..ll’ue N s, i P o’-o\ /-\u -\oxllll.lo\c . g
S ) (O ettt S ¥ I \ A \ L |4 x/
R v 7 i o4
X /.\ el / { / \
: /
3% ° ov e.mw
x \ / \ ;
X ¢ g
Q9
\ og O
H =
ViVQ G.61 9nNY o 00!
vivad S261 AVW x
VI¥Q Si61 NV —om




SIUBWLPAS UL Jul7 °*gZ 84nbi4

SN J1NLVIS

089 099 org o029 009 o8¢ 095 _ ore _ 0Z§ 00§ o
\Q/r° w/ R \onll.n \o
i YA\ AR /\ \ | 0z
\w. e.il.o/ .\/R ol..lo\ / ° \ / /o.\\\u\ /e.\
e // \\ N «\ //x\\ui\. l 3 S ob
= 09
o8
- - r. r- L 1100—
tLA|X
o9 ory ozy ook oeg o9g org _oze oog oge o
7 ] / I./ \\ /, A \\ \ . - LA j oz
[ Rl s. d N . » ¢ \ 0" X
A A TR AT
° ’/ \\. Dﬂ_ \ / /u\ﬁ / .\ X \-\ / ot
/&..‘. ] ] .\ x /.\
(o]
. ¥

o8
ViVd G161 9NV o o) _oo_

vIVO G261 AV x T s1° % L s 1 T T 1

VLVO S261 NYF -o- s

Wdd " YZ

Ndd W “Z



90

10,

11.

12.

13.

14,

15,

References

Amer. Pub. Health Assn., 1971. Standard Methods for the Examination of
Water and Wastewater, 13th ed., New York, WN.Y.

Anderlini, V.C., et al., 1972. "Concentrations of Heavy Metals in Some
Antarctic and North American Sea Birds," in Proceedings Conservation
Problems in Antarctica, (edited by Parker, BTC.J, AlTen Press.

Carpenter, K.E., 1972. "The Lethal Action of Soluble Metallic Salts on
Fishes," Brit. J. Exptl. Biol., 4, 378.

Daudoroff, P., and Katz, M., 1953. "Critical Review of Literature on
the Toxicity of Industrial Wastes and Their Components to Fish,"
Sewage Ind, Wastes, 25, 802.

Daudoroff, P., 1957. "Water Quality Requirements of Fishes and Effects
of Toxic Substances,” in Physiology of Fishes, (edited by Brown),
Academic Press.

EPA, 1972. Water Quality Criteria 1972, U.S. Gov. Print Office.

EPA, 1969. Chemistry Laboratory's Manual, Bottom Sediments, (Compiled
for Great Lakes Region).

EPA, 1974. Methods for Chemical Analysis of Water and Wastes,
Analytical Quality Control Lab., Cincinati, Ohio.

Hann, R.W., and Slowey, J.F., 1972. "“Sediment Analysis-Galveston Bay,"
Estuarine Systems Project Report No. 24, Environmental Engineering
Division, Civil Engineering Department, Texas A&M Univ.

Huston, R.J., 1971. "Galveston Bay Project, Compilation of Water Quality
Data," Tractor Inc., Austin, Texas.

Huston, R.J., 1973, "Galveston Bay Project, Addendum to Compilation of
Water Quality Data,” Espey, Huston and Associates, Inc., Austin,
Texas.

Jackivicz, T.P., and Kuzminski, L.N., 1973, "“A Review of Outboard Motor
Effects on the Aquatic Environment," Jour. Water Poll. Control Fed.,
45, 1759,

Jones, J.R.E., 1935. "The Toxic Action of Heavy Metals Salts on the
Three-Spined Stickleback," J. Exptl. Biol., 12, 165.

Krauskopf, K.B., 1956. "Factors Controlling the Concentrations of
Thirteen Rare Metals in Sea-Water," Geochim. et Cosmochimica Acta,
9, 1.

Pickering, Q.H., 1968. "Some Effects of Dissolved Oxygen Concentrations
Upon the Toxicity of Zinc to the Bluegill,” Water Res. (G.B.),-
2, 187.




16.

17.

18.
19.

20.

21.

22.

23.

24,

25,

26,

91

Reid, G.K., 1961. Ecology of Inland Waters and Estuaries, Nostrand
Reinhald.

Ruttner, F., 1953. Fundamentals of Limnology, University of Toronto
Press.

Sawyer, C.N., 1967. Chemistry for Sanitary Engineers, McGraw-Hill.

Seppovaara, 0., 1971. "The Effect on Fish of the Mass Development of
Brackish Water Plankton," Centrallaborator Ab., Helsingfors, Report
No. 459.

Slowey, J.F., et al., 1973. "Natural Background Levels of Heavy Metals
in Texas Estuarine Sediments," Final Proj. Report, Environmental
Engineering Division, Civil Engineering Department, Texas A&M
Univ.

U.S. Army Corps of Engineers, 1975. '"Maintenance Dredging, Gulf
Intracoastal Waterway, Texas Section," Final.

Welch, P.S., 1952. Limnology, McGraw-Hill.

Withers, R.E., et al., 1973. "Field and Analytical Studies of the Corpus
Christi Ship Channel and Contiguous Waters," Final Proj. Report,
Environmental Engineering Division, Civil Engineering Department,
Texas A&M Univ.

Withers, R.E., and Garrett, R.L., 1975, "Water Quality Management in the
Brazos River Coastal Zone," Draft, Report No. 1 - Basic Data,
Environmental Engineering Division, Civil Engineering Department,
Texas A&M Univ.

Withers, R.E., Garrett, R.L., and Maldonado, R.J., 1975. Environ-
mental Study of the Brownsville Ship Channel System. Project Report
for Brownsville, Navigation District, Environmental Engineering
Division, Civil Engineering Department, Texas A&M University.

Young, D.R., Young, C.S., and Hlavka, G.E., 1973. "Sources of Trace
Metals from Highly-Urbanized Southern California to the Adjacent
Ecosystem,® in "Cycling and Control of Metals,” Environmental
Protection Agency Research Center, Cincinati, Ohio.



92



93

CHAPTER TV

CIRCULATION STUDIES

Introduction

The movement of water from Lake Sabine to Galveston Bay and the
circulation patterns in the Lower Laguna Madre are considered in this
chapter. A one-dimensional hydrodynamic model was applied to the Sa-
bine-Galveston Waterway system to evaluate the various factors affect-
ing the flow of water between the two bays. The model was calibrated
from field measurements made during this study.

A Sea Grant study conducted by Atturio, et al. {1976) indicated
extremely high sedimentation for one section of the waterway in the
Lower Laguna Madre. Satellite imagery was obtained of the Lower
Laguna Madre and the circulation patterns were analyzed to evaluate the

cause of the high shoaling rate at this location.

Flow From Sabine Lake to Galveston Bay

Statement of the Problem

It appears that much of the time water in the Sabine Lake flows
towards the Galveston Bay through the Gulf Intracoastal Waterway (GIWW).
In this section, flow in the GIWW between Sabine Lake and the Galveston
Bay will be analyzed by utilizing field data and a computer program (see

Figures 29 and 30).

Description of the Area

The GIWW utilizes the channels of the Sabine-Neches Waterway from

a point about 3 miles (4.8 km) below Orange through the Sabine River
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and the Sabine-Neches Canal to the head of the Port Arthur Canal. The
GIWW extends from the industrialized Port Arthur Canal, southwestward
by land cut through marsh areas across Salt Bayou, Spindletop Gully,
Seth Slough, Barnes Slough, 011 Well Slough, and the North Prong of
Mud Bayou to the bridge on Texas Highway 124 near the community of
High IsTand. Beyond High Island, the GIWW crosses a marsh area by
Tand cut and follows the general downstream direction of Fast Bay Bayou
by Tand cut. The channel then crosses a shallow section of East (Gal-
veston) Bay, and proceeds into the grass marsh area of Bolivar Penin-
sula. The GIWW has a controlling depth of 12 ft (3.6 m} and a bottom
width of 125 ft (38.1 m).

Sabine Lake is about 17 miles (27.4 km) long and has an average
depth of about 6 ft (1.8 m). At the southern end, where it empties

into Sabine Pass, depths of 19 to 30 ft (5.8 to 9.1 m) are available

in a short narrow outlet channel. Sabine River, emptying into the Sabine
Lake from the northeast, has a drainage area of 9,329 sq miles (24,152

sq km). Neches River, emptying into the Sabine Lake from the northwest,
has a drainage area of 7,951 sq miles (20,584 sq km).

Sabine Pass, on the boundary of Texas and Louisiana, is the natural
outiet from the Sabine Lake to the Gulf of Mexico. The Port Arthur and
Sabine-Neches Canals are artificial channels that have been dredged along
the shore of Sabine Lake. Port Arthur Canal extends from Sabine Pass
to the entrance of Taylor Bayou. A narrow strip of land separates the
canal from the western shore of Sabine Lake. Sabine-Neches Canal, a
continuation of the Port Arthur Canal above the mouth of Taylor Bayou,

parallels the shore of Sabine Lake west of the Neches River. Beyond
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the Neches River, the canal crosses a narrow neck of land through a
0.5 mile (0.8 km) cut and continues eastward across the upper end of

Sabine Lake to the mouth of the Sabine River.

Factors Causing Flow in the Waterway

Except during storms, freshwater inflow from small hayous into
the GIWW between the Sabine Lake and the Galveston Bay is negligible.
This reach is tidal, tides propagating from Sabine Pass and Galveston
Bay. Therefore the GIWW between the Sabine Lake and Galveston Bay can
be considered as a canal connecting two tidal seas. The following four
factors were considered to be responsible for creating flow in a canal
connecting two tidal seas. They are:

1. Astronomical tide. Tides of different phase and amplitude

propagating from the tidal seas would create flow in the canal.

2. Wind set-up. Due to differences in wind set-up in the two

tidal seas, flow can be created.

3. Freshwater inflow. Large freshwater flow into one of the tidal
seas would raise sea level in that sea creating flow in the
canal.

4. Wind stress. Wind acting on the surface of the water in the
canal would create flow in the canal.

In the following section, those four factors would be considered.

Astronomical Tide
Tides propagating from Sabine Pass go up the Port Arthur Canal and
into the GIWW. The Sabine-Neches Waterway is tidal throughout its

length with a mean diurnal range of about 2.2 ft (0.67 m) at the Gulf
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entrance and 1.0 ft (0.30 m) at Port Arthur.

Tide tables compiled by the National Oceanic and Atmospheric Ad-
ministration indicate the tides at Mesquite Point tag behind those at
Sabine Pass by 50 to 56 minutes. The propagation speed of tide (¢} is
related to the water depth (d) and the acceleration of gravity (g) by

the equation
c = Jgd (1)

Port Arthur Canal has a controlling depth of 40 ft (12.2 m) be-
tween Port Arthur and Mesquite Point. Substituting g = 32.2 ft/sec2
(9.81m/sec2) and d = 40 ft (12.2 m) into the above equation, gives
¢ = 35.89 ft/sec (10.9 m/sec) which gives a travel time of 14.6 minutes
for the tides to reach Port Arthur after passing Mesquite Point {dis-
tance between Port Arthur and Mesquite Point is taken as 31,500 ft

(9,600 m)). Consequently, it is estimated that the tides at Port Ar-

thur lag behind those at Sabine Pass by 65 to 71 minutes, and those at
Galveston Channel by 10 to 11 minutes (according to tide tables, tides
at Sabine Pass lag those at Galveston Channel by 1.0 hours at high
water and by 1.25 hours at Tow water). As can be seen in the later
sections of this chapter, this estimate seems to be quite reasonable. |
According to tide tables, tides at Gilchrist, East Bay lag those
at Galveston Channel by 3.27 hours at high water and by 4.3 hours at
low water. Time Tag of this range was also confirmed by Prather and
Sorensen (1972). 1In this study it was estimated that tides at the
Tocation where the GIWW meets Fast Bay lag those at Galveston Channel

by 3 to 4 hours.
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Wind Set-Up

Because of small tidal variations in the area under consideration,
wind set-up is expected to have a significant and direct effect upon
the water Tevel differential at the two ends of the canal and therefore
the flow through the canal.

In Table 5, wind set-up in Sabine Lake at the northern end of the
Take is calculated for various wind speeds and directions. The eqguation

used is (Ippen, 1966):

2 1/2
S. = h, LZN"”X +1} -1 (2)
i i 2
ghy
3
where:
Si = incremental rise over the ith section

U = wind speed

hi = total water depth in the ith section
Kk = 3.3x10°
N = the platform factor which takes into account changes

in the bottom depth and section width.
X = Tlength of section
The nodal point at which no set-up occurs is assumed to be in the mid-

dle of the bay, i.e., X /L =1/2 or X = L/2 where L = the total fetch

node
length.

For computation purposes, Sabine Lake is considered to be a closed
rectangular basin of constant depth. The following measurements were

made from a map of Sabine Lake:
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Fetch Length, L Average Depth, d

Wind Direction (ft) (m) (ft) {m)
N-S 55,700 16,980 6 1.83
NNW-SSE 49,800 15,180 6 1.83
NW-SE 39,400 12,010 7 2.13
NWW-SEE 32,000 9,750 6 1.83

W-E 31,500 9,600 5 1.52

Assuming that the depth is constant for wind set-up across the entire

lake, the equation becomes:

During the period of December 13th through 24th, 1973, strong winds
shifted direction along the Texas coast. Figure 31 shows the wind

record taken at Buccaneer platform together with the tide record at

North Sabine Lake. As can be seen in Figure 31, after the wind shifted
direction from the north to the south, water started piling up at North
Sabine Lake. After the wind shifted direction from the north to the
south, the water level at North Sabine Lake was set down by more than
one foot (0.3 m}. This is in a good comparison with values given in
Table 5. Also, it was reported that prolonged southerly winds raise
the water level in the channels around Sabine Lake by several feet
{U.S. Corps of Engineers, 1959).

It is estimated that wind set-up at Port Arthur can reach one
foot (0.3 m) for a strong wind of 30 to 40 knots (15.4 to 20.6 m/sec),

and wind set-up of several inches can easily be attained by moderate
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Table 5. Computed Wind Set-Up Values in Feet
for the North Sabine Lake.

WIND DIRECTION

WIND SPEED
IN KNOTS N-S NNW-SEE NW-SE NWW-SEE W-E

5 0.03 0.03 0.02 0.02 0.02
10 0.13 0.12 0.08 0.08 0.0%
15 0.30 0.27 0.18 0.17 0.20
20 0.52 0.47 0.32 0.30 0.36
25 0.80 0.72 0.50 0.47 0.55
30 1.12 1.01 0.7 0.66 0.77
35 1.48 1.34 0.94 0.89 1.02
40 1.88 1.70 1.21 1.14 1.30
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winds.

Wind set-up in Galveston Bay is difficult to estimate due to
the jrregular shape of the bay. The normal water surface elevation at
the Galveston Channel has been lowered by amounts up to 4.3 ft (1.3 m)
by strong northerly winds and similar wind set-up was observed at other
Tocations in the bay (U.S. Corps of Engineers, 1971).

Since they are expected to have different wind set-ups, Port Ar-
thur and East Bay could have a difference in water levels of 1.0 ft
(0.30 m) under normal conditions. During hurricanes wind set-up
could reach more than 10 ft (3.0 m} causing most of the low-lying areas
along the GIWW to be flooded. Cases during hurricanes will not be con-

sidered in this study.

Freshwater Inflow
Two major sources of freshwater into the Sabine Lake are the

Sabine and Neches River. During the period of 1968 through 1972, the

sabine River at Ruliff had a highest monthly mean flow rate of 33,240
cfs (940 cms) and a lowest value of 292 cfs (8 cms) with a median value
of 3,355 cfs (95 cms). For the same period, the Neches River at Eva-
dale had a highest monthly mean flow rate of 24,120 cfs (680 cms) and
a lowest value of 373 cfs (10 cms) with a median value of 2,417 cfs
(68 cms).

Sabine-Neches Canal has a controlling depth of 40 ft (12.2 m} and
a width of 400 ft (122 m). Neches River Channel is 40 ft (12.3 m) deep
and 400 ft (122 m) wide to Beaumont via the Neches River, while Sabine
River Channel is 30 ft {9.1 m) deep and 200 ft {61.0 m) wide to Orange

via the Sabine River. The northern end of Sabine Lake, where the Sabine
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River Channel meets Sabine Lake. is very shallow (3 to 4 ft (0.9 to 1.2 m)).
Consequently, a Targe percentage of the freshwater inflow from the Sabine
and Neches Rivers follows the Sabine-Neches Canal to Port Arthur, then
Port Arthur Canal which has a controlling depth of 40 ft (12.2 m) and

a width of 500 ft (152 m).

Floods on the Neches River and Sabine River cause rises of short
duration varying up to about 13.6 ft (4.15 m) at Beaumont and 7.6 ft
(2.32 m) at Orange (U.S. Corps of Engineers, 1959). Even under normal
conditions, small fluctuations in freshwater inflow from the Sabine

and Neches Rivers could raise the water level at Port Arthur by severai

inches.

Wind Stress

Wind stress acting on the surface of the water in the canal would
cause flow in the canal. However, this effect is considered to be
insignificant compared to the effect of the other factors considered

previousiy.

Procedures

In the previous sections, four factors which could cause flow in a.
canal were considered. The effect of wind set-up and that of freshwater
inflow into one of the tidal seas are similar in that they create flow

in a canal by creating differences in water level in two tidal seas.

Flow problems in a canal connecting two tidal seas have received

consideration ever since sea-level canal was proposed (Harleman & Lee,



105

1969). Various hydrodynamical numerical models have been applied to
compute tides and currents in canals. Harleman and Lee (1969) developed a
one-dimensional hydrodynamical model by using an explicit finite difference
scheme, and their model was applied to different canals and estuaries.

The model developed by Harleman and Lee can be applied to a canal con-
necting two tidal seas, and was used in this study (brief description

of the numerical model can be found in Appendix D).

The numerical model developed by Harleman and Lee takes instantaneous
water levels at both ends of a canal as input and would give instantaneous
heights of water surface and flow rate at selected locations along the
canal.

In applying any numerical models to real estuaries and canals,
field data are required to verify and calibrate the models used. As
a part of this study, field measurements were conducted from March 18,
1976 through March 20, 1976 during which period typical semi-diurnal
tides occurred along the Texas coast. Tides were measured at Highway

87 fixed bridge, which is located near Port Arthur at Mile 288.7 and

at the Highway 124 swing bridge located near High Island. By using a
hydro product Savonius current meter, currents were measured at the
Highway 87 bridge from a small powered boat. A current meter of the
same type was used at the Highway 124 bridge to measure currents.

Tides measured at the Highway 87 bridge were assumed to represent
tides at the Port Arthur side of the canal. Tides at thé Galveston side
of the canal were estimated from the tides measured at Port Arthur. Tides
at Port Arthur and at the Galveston side of the canal constituted input
data to the numerical model, and instantaneous height of water surface and

flow rate at selected locations along the canal were computed by the
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numerical model. The height of water surface and flow rate computed by
the numerical model at High Island were compared with the field data
obtained at High Island. Flow rates computed by the model at Port Arthur
were compared to that measured at Port Arthur.

The effects of wind set-up and freshwater inflow were represented
as differences in water level at both ends of the canal.

After the numerical model was calibrated, different conditions
were tested as input data to analyze possible effects of the four fac-

tors considered previously.

Tide Measured and Input Tide for the Numerical Model

Tides at Galveston Channel during the period of the field measure-
ments are presented in Table 6. There is a duration of 7 hours between
high tide and Tow tide for March 18 through March 19. It was assumed
that the same duration between high tide and low tide exists at Port
Arthur during the same period. Based on the considerations on tidal
propagation in Port Arthur Canal presented in an earlier section of this
chapter, it was assumed that high tide occurs at 17:00 Central Standard
Time (CST) on March 18, 1976. Fitting a sine curve to the tides mea-
sured at Port Arthur for the period of 17:00 (March 18) through 0:00
(March 19) gives a difference of 1.061 ft (0.323 m) between high and
low tides, while tides at Galveston Channel had a difference of 1.30 ft
(0.396 m). The ratio of tidal amplitude at Port Arthur to tidal ampli-
tude at Galveston Channel becomes 0.816. Using a tidal amplitude ratio
of 0.816 and shifting times of high and low tide by nine minutes earlier
than those in Galveston Channel, tide at Port Arthur for the period of

March 18 through March 20 was estimated. The tide at the Galveston
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Table 6. Predicted Tide at Galveston Channel.

TIME HEIGHT
DAY osT FT
March 18 0626 1.4
TH 1209 0.6
1709 1.1
19 0009 -0.2
F 0739 1.4
1307 0.8
1734 1.1
20 0104 -0.3
0402 1.3
1414 1.0
1804 1.1

Heights are referenced to mean low water and are

from the NOAA 1976 Tide Tables.
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side of the canal was estimated by assuming the same tidal amplitude
used at Port Arthur and setting the time of high and low tides occurring
three hours later than the ones at Port Arthur. Tides thus estimated

are presented in Figure 32 together with the measured tide at Port

Arthur. These tides make up input tide for the numerical model.

Application of the Numerical Model

Schematization

The numerical model used in this study requires that the canal be
divided into a discrete number of longitudinal segments and particular
geometric characteristics be assigned to these segments.

A cross-section of the GIWW was measured at the Highway 124 bridge
(High Island) and the measured cross-section is shown in Figure 33. It
turned out that the depth of the GIWW reaches almost 20 ft (6.1 m) while
the controliing depth is only 12 ft (3.7 m) with a bottom width of 125 ft
(38.1 m). Similar results were obtained at the Port Arthur side of the
canal where the cross-section of the canal was measured. In schematiza-
tion, a uniform cross-section of 15 ft (4.6 m) deep and 200 ft (61.0 m)
wide was selected to be used in the numerical model. The GIWW between
Sabine Lake and Galveston Bay was assumed to be a straight canal with
a horizontal bottom. A general layout of the canal used in the numerical
model can be found in Figure 34. A reach of 36.25 miles (58.33 km) was
divided into 12 segments. The highway 124 bridge (High Island) is assumed
to be located at a two-segment distance 6.04 miles (9.72 km) from the

Galveston side of the canal. The geometric data for the canal used are:
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Depth, d = 15 ft (4.57 m)
Width, b = 200 ft (61.0 m)
Length, L = 36.25 miles (58.33 km)

3.02 mites (4.86 km)

Segment, AX

Choice of At

In order to obtain a stable solution in the numerical model, the following

inequity has to be satisfied:

At « —EX (4)
Vg(d + n)
where:
Ax = Tength of each segment

d = depth of the canal

n = amplitude of tide

Substituting ax = 3.02083 miles = 15,949 ft (4,861 m), g = 32.2 ft/sec’
(9.81 m/sec?), d = 15 ft (4.57 m), and n = 0.5 ft (0.15 m) into Eq. (4)

gives
At < 713.9 sec

Consequently t = 600 sec was selected for the numerical model.

Input Tide

The tide at both ends of the canal was determined from the tide
curve shown in Figure 32 for every 600 sec for the period of March 18
through March 20, 1976, and was used as the input tide. Possible dif-

ferences in water level at both ends of the canal due to wind set-up or
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excess freshwater inflow into Sanine Lake can be incorporated into the
numerical model by raising mean sea level at Port Arthur to certain

assumed values.

Choice of Manning's Coefficient

Values of Manning's coefficient (represented as n) vary from 0.020 to
0.040 in estuaries and canals (Harleman & Thatcher, 1973). For the case
under consideration, the larger values for the Manning coefficient tend
to decrease tidal amplitude and flow rate and to delay the time of high and
low flow rate. Since a uniform cross-section of the canal was used over
the entire reach, the same Manning coefficient was used over the entire
reach of the canal. A comparison between the results given by the numerical

model and tide and flow rate measured would determine appropriate values for

the Manning coefficient.

Results

Comparison with Field Data

Throughout the field measurement period, the wind speed was about
10 knots (5.1 m/sec) and the effect of wind stress on the field measure-
ments was considered to be negligible. Therefore, no wind was assumed
in the numerical model. Four values of Manning's coefficient (0.020,
0.025, 0.030, 0.035) were tested. Values in the range of 0.0 through
1.0 ft (0.0 through 0.30 m) were used as difference in water levels at
both ends of the canal (represented as D). Output data for various input
conditions were compared with field data. The input data which seem to

give fairly good agreement were a Manning coefficient of 0.025, mean
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sea Tevel at Port Arthur 0.2 ft (0.06 m) higher than at the Galveston

side of the canal and no wind. Figures 35 and 36 show output given by

the numerical model for n = 0.025, D = 0.2 ft (0.06 m) and no wind con-

ditions together with field data taken at High Island. Flow rates com-

puted by the numerical model for the same inputare in good agreement

with the measured flow rates at Port Arthur (see Figure 37). Figures

38 and 39 show the case similar to Figures 35 and 36 except D = 0.0 ft.
Manning's coefficient of 0.025 seems to represent channel roughness

for the GIWW, and this value will be used for later applications. The dif-

ference in mean sea Tevel of 0.2 ft (0.06m) can easily be created by wind

set-up and/or excess freshwater inflow into Sabine Lake. Since tidal fluc-

tuation is very small {in the range of 1 ft {0.30 m)) in the GIWW, a small

difference in mean sea level has a significant effect on flow rate in

the canal.

Effect of Difference in Mean Sea Level

Using the tides estimated for the period of March 18 through March 20,
1976, and with the assumption of no wind conditions, various values of D were
used. Mean water level in Port Arthur was always assumed to be higher than
that in the Galveston side. Maximum flow rates in either direction are shown
in Figure 40. Magnitude of maximum flow rate in either direction would de-
crease as one goes from Sabine Lake to Galveston Bay. Because of small tidal
range, there is no flow reversal for D = 1.0 ft (0.30 m) and flow is always
towards Galveston Bay. For D = 0.0 ft (0.00 m) flow in the same magnitude

fluctuates in both directions, resulting in no net flow towards Galveston

Bay.
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Effect of Differences in Water Levels on Maximum Flow Rates.
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Effect of Wind Stress

1t was assumed that wind is blowing from Sabine Lake towards Galveston
Bay in parallel with the GIWW, and different wind speeds were tested by
using the input tide used previously. Difference in mean sea level was
assumed to be zero. Figure 41 gives maximum flow rate in either direction.

For wind speed of 40 knots (20.6 m/sec}, wind effect is not insignificant.

Summary

Manning's coefficient for the GIWW was found to be around 0.025.
Wind stress on the waterway has less effect on flow rate in the GIWW
than difference in mean sea level at both ends of the canal. Because of
small tidal range in the GIWW, wind set-up and/or excess freshwater in-
flow into Sabine Lake can create significant flow towards Galveston
Bay. Under normal conditions, a maximum flow rate of 4000 cfs (113.4 cms)

and a maximum current velocity of 1.3 ft/sec (0.396 m/sec) can be expected.

Miscellaneous Considerations on Salinity Intrusion

Salinity intrusion in estuaries and canals has significant effect on
sedimentation on the bottom and water quality. As a part of the field
measurements conducted from March 18 through March 20, 1976, salinity
was measured at Port Arthur (in Port Arthur Canal, Sabine-Neches Canal,
and in the GIWW) and at High Island. Also, salinity measurements were
carried out as a part of the 1975 field program. Based on the field
data, salinity intrusion in the GIWW as well as in its neighboring canals

will be discussed in this section.
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Salinity Intrusion in Neighboring Canals

Port Arthur Canal has a controiling depth of 40 ft (12.2 m) to Port Ar-
thur Canal. Strong salt finger was detected near the bottom of the Port
Arthur Canal as well as in Sabine-Neches Canal which has a controlling
depth of 40 ft (12.2 m) from Port Arthur to upstream. During the period
of the field measurements (March 1976) surface salinity ranged from 11
to 13 ppt for March 18 to 19, while bottom salinity fluctuated from 15
to 21 ppt during the peak of flood tide. On March 20, surface salinity
ranged from 6 to 9 ppt while bottom salinity varied from 10.5 to 18.6 ppt.
Strong surface currents of 1.25 knots (0.64 m/sec) flowing towards Sabine
Pass were observed in the beginning of flood tide while bottom currents

started to go upstream in the canals.

Salinity Intrusion in GIWW

Since neighboring canals have a controlling depth of 40 ft (12.2 m)

compared to a depth of 12 ft (3.7 m) in the GIWW, the Tess saline water
flowing near the surface of Sabine-Neches Canal is believed to flow
into the GIWW and a salt finger generally does not go into the GIWW.

At the Galveston side of the GIWW, surrounding area is shallower
than the GIWW, so a weak salt finger, if present, can extend into the -
GIWW. During the field measurements conducted in 1975, a weak strati-
fication characteristic of salinity was detected in the GIWW near
Galveston Bay, while the rest of the reach had almost uniform salinity

from the surface to the bottom.



124

Circulation Study of Lower Laguna Madre

Circulation patterns in estuaries and bays have significant effect
on sediment transport. The large shoaling rate in canals and waterways
has direct bearing on economic efficiency of the canals and waterways.
The Gulf Intracoastal Waterway (GIWW) crosses many estuaries and bays
along the Texas coast, and some of the reaches where the GIWW crosses
estuarjes and bays are known to have high shoaling rates. Circulation
in the region adjacent to the waterway has significant effect on shoal-
ing rates in the waterway. Using statistical data of dredging in the
GIWW, shoaling characteristics of the GIWW in Texas were analyzed (At-
turio, et al., 1976), and those reaches where high shoaling rates exist
were identified. In Lower Laguna Madre between miles657 and 660, a sig-
nificantiy high shoaling rate was noted (an average shoaling rate of
2.7 ft/year (0.82 m/year) was computed)} (see Figure 42). The only

available current measurements in this region were by Denison and Hen-

derson (1956), and understanding of currents in this region is still
in the stage of speculation. In this study it was attempted to ana-
lyze circulation patterns in this part of Lower Laguna Madre using satel-
1ite imagery. The Lower Laguna Madre is separated from the Upper Laguna
Madre by land-cut area. There are only two inlets connecting this area
directly to the Guif. One is the Port Mansfield Channel which has a
jettied entrance channel of 26 feet (7.92 m) deep and 250 feet (76.2 m)
wide. Another inlet is Brazos Santiago Pass which has a depth of 38 feet
(11.58 m) and a width of 300 feet (91.48 m).

The GIWW runs through the land-cut area, and continues to follow the

Laguna Madre between Padre Island and the mainland. The Lower lLaguna
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Madre prior to construction of the GIWW and Port Mansfield channel was

an inaccessible hypersaline shallow estuary due to restricted water cir-
culation, very little freshwater inflow, and high rates of evaporation.
Under ordinary conditions the mean tidal range is about 1.5 feet (0.46 m)
and the extreme range is about 2 feet (0.61 m) at the Guif entrance, about
1.5 ft (0.46 m) at Port Isabel. During strong "northers" in the winter
season the water surface in the southern end of the Lower Laguna Madre may
be raised 4 feet (1.22 m) or more above the mean Tow tide in the Gulf.
Hurricanes in summer and fall months have caused tide heights as much as
12 feet {3.66 m)} above mean low tide at Port Isabel.

The completion of the Port Mansfield Pass had a strong effect in
water circulation in the estuary. During the prevailing southeast wind,
the water enters the Brazos Santiago Pass through a minimum cross-section
of 43,200 square feet (4,013 square meters). Water leaves the estuary
through a Tand cut with a minimum cross-section of 3,600 square feet

(334 square meters) and Port Mansfield Pass provides an outlet for the

water built up in the northern part of the Lower Laguna Madre where the
current flows out of the estuary into the Gulf.

Since the completion of the Port Mansfield Pass in 1957, several
notable changes occurred in the ecology of the estuary area. The number
of juvenile red fish inhabiting the estuary has substantially increased.
Juvenile brown shrimp populations extended their range from south of Port
Mansfield to nearly all of the northern section of the Lower Laguna Madre,
a vast area previously of very lTow productivity. Landings of flounder by
both sport and commercial fishermen have increased manyfold since the

opening of the pass. It has also been noted from trawl samples that
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juvenile trout have been found in abundance in the established grass beds
which have increased in stand since the opening of the pass. Vegetation,
including shoal and widgeongrass, has increased both in range and in

stand.,

Photographs taken from satellite orbiting the earth have been used
in studying estuarine circulation in recent years (for example, the work
done by Klemas, et al., 1974).

Two LANDSAT (previously called the Earth Resources Technology Satel-
1ite, ERTS) satellites are at present orbiting the earth. LANDSAT imagery
has been available since 1972, and the repetitive and seasonal coverage
provided by LANDSAT imagery is an important tool for the interpretation
of the dynamic estuarine and coastal processes- LANDSAT imagery is
especééI]y useful in identifying near-surface currents, and is considered
to be useful in studying circulation patterns in the shallow region
under consideration. LANDSAT imagery in both bands 5 and 7 was obtained
from EROS Data Center in Sioux Falls, South Dakota for every month of the
year (total circulation patterns for different wind and tide condition.
Imagery in band 5 was used in identifying suspended sediment patterns,
and imagery in band 7 was utilized in delineating Tand-water boundaries.
Six frames of the imagery wereconsidered representative and are presented
in this report. All of the LANDSAT imagery was taken around 10 am,
local standard time. Wind data at 9 am at nearby Brownsvilie was available
from the Weather Bureau. Tidal range at Brazos Santiago Pass is relatively
small in the range of 1.4 feet (0.43 m) for diurnal tide. However, the re-
gion under consideration is very shallow resulting in relatively strong

tidal currents. Some tidal effects on currents in this region were detected
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by Denison and Henderson (1956). As one travels north, the effect of tides

on currents becomes less noticeable,

In Lower Laguna Madre, water depths adjacent to the GIWW are very
shallow, seldom exceeding 3 feet (0.9 m) whilethe waterway is 12 feet
(3.66 m) deep and 125 feet (38.1 m) wide. Freshwater inflow in Lower
Laguna Madre is negligible and water is well mixed. An estuary with
this shallow depth and negligible freshwater inflow can be considered
to be a single-layered estuary. For a single-layered estuary, stratifi-
cation effects due to salinity differences can be neglected.

Wind blowing over estuaries of single layer will cause surface cur-
rents flowing in the direction of the wind. Estuaries can also have a
bottom current flowing in the opposite direction of the wind as a return
flow, resulting in a zero net discharge over the total depth (see Figure
43(a)). The current can be in the same direction from the surface to the
bottom, causing a net discharge in the direction of the wind (see Figure
43(b)) (Reid, 1957). The region under consideration is believed to be
influenced by wind, tide and depth, and the relationship between surface
currents and bottom currents varies. Moreover, due to its shallowness,
surface waves have significant effects on net discharge over total depth.
However, in this study it was assumed that water movements near the sur-
face are indicative of overall water movements, and eventually the overall
movements of suspended sediments.

Turbidity of the waters of the Lower Laguna Madre was analyzed pre-
viously (Breuer, 1962), and varied considerably depending on the wind,
current, tide, water runoff, depth of water, and bottom type. The most

important factor was the presence or abundance of bottom vegetation. Water
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(b) Vertical Velocity Profile Without Return Flow Near the Bottom.

Figure 43. Current Profile in Estuaries With and Without Return Flow.
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overlying a bottom devoid of vegetation was seldom clear, and a bottom
with heavy growth of submerged vegetation was seldom turbid. Turbidity
was greater in waters over a silt or clay bottom, and less over a sand
bottom,

Water in this region is always quite turbid, and wind-driven currents
near the surface in the region under consideration can be identified by
studying the suspended sediment pattern on LANDSAT imagery. Circulation
patterns identified on LANDSAT imagery were correlated to wind and tide
data, and they are presented here for each of the six images used. Tidal
information shown in the following figures was taken from the predicted

tide tables of the National Ocean Survey.

January 21, 1973 Imagery

Suspended sediment plume on the imagery obviously suggests that
there is a flow crossing across the waterway around mile 660. Tide at
Brazos Santiago Pass is near low tide, and water level in this region
is going down. Water seems to be flowing toward the Brazos Santiago
Pass responding to the tide and crosses the waterway near Port Isabel.
This corresponds to the reach where relatively high shoaling rates were
identified by Atturio, et al., (1976)(see Figure 44 and 45b).

The area with turbid waters has a silty bottom, and the area with clear
waters along Padre Island has a sandy bottom (Breuer, 1962), Differences
in bottom material explain differences in turbidity. Since turbidity was
used as a tracer of currents, currents in clear water could not be

analyzed in this study.
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February 25, 1975 Imagery

The tide is coming in from the Brazos Santiago Pass, and flow
seems to cross the waterway near Port Isabel and again somewhere be-
tween miles 657 and 660. This corresponds to the south wind blowing

over the estuary (see Figures 46 and 47).

May 26, 1973 Imagery

This imagery is similar to February 25, 1975 imagery. Flow cor-
responds to incoming tide from the Pass and the scuth wind (see Figures

48 and 49).

June 8, 1974 Imagery

This is somewhat similar to February and May imagery. However, the
south wind is quite strong (22 knots), causing turbid water heavily laden

with suspended sediments (see Figures 50 and 51).

September 7, 1974 Imagery

This imagery is similar to January 21, 1973 imagery. The tide is going

out from the Pass and wind blowing from the north (see Figures 52 and 53).

November 10, 1972 Imagery

The wind is coming from 30° with a speed of 16 knots, with the tide
going out from the Pass. Again, flow crosses the waterway at two loca-
tions where a high shoaling rate was identified previously (see Figures

54 and 55).
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Summary

Table 7 shows wind data for Brownsville. Note that wind conditions
for the imagery used can be considered to be representative.

Circulation in this region seems to be responsive to tides; however,
wind direction was generally the same as current direction and no conclusion can
be drawn only from satellite imagery regarding whether this shallow
region is affected more by wind or by tide. Denison and Henderson (1956)
found that the shallow region adjacent to the waterway is strongly
affected by wind, while the waterway is affected more by the tide.
Considering the very shallow depth in the region, it seems that the
shallow region adjacent to the waterway is mainly wind-driven except
the reach near Port Isabel which is obviously affected by tide coming

from Brazos Santiago Pass at every tidal cycle. In the study conducted by

Atturio, et a1.; (1976), an area of no dredging was noted near Port Isa-
bel from mile 663 to mile 665. This is the reach where there is no flow cros-
sing the waterway identified on LANDSAT imagery.

Near mile 660, therewas generally always a flow crossing thewaterway. Waves
generated by wind have an important effect in stirring up the bottom,

and the stirred-up sediments would be transported by wind-driven currents.
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Table 7. Monthly Average Wind Speed and Direction at Brownsville.

Mean Speed

Month (knots) Prevailing Direction
January 11.8 SSE
February 12.5 SSE
March 13.7 SE
April 14.4 SE
May 13.8 SE
June 12.7 SE
July 11.8 SE
August 10.8 SE
September 9.8 SE
October 9.8 SE
November 10.9 SSE
December 11.0 NNW
YEAR 11.9 SE

From: "“Environmental Guide for the U.S. Guif Coast", NOAA, Environmental
Data Service, National Climatic Center, Asheville, N.C., Novem-
ber 1972.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study was to identify potentially adverse environ-
mental factors associated with the operation and maintenance of the Texas
Gulf Intracoastal Waterway and to develop recommendations for implementa-
tion by the various entities concerned with the waterway. The environ-
mental effects of dredging were not included in this study as the Corps
of Engineers is conducting a major effort in this area. The following

conclusions and recommendations were developed.

1. The Texas Gulf Intracoastal Waterway provides transportation connect-

ing 1inks between the various bays and river basins.

The Texas section of the waterway begins at the Sabine River and
parallels the coast for 424 miles (682 km). The waterway traverses bays
or follows land cuts for the entire Tength. It crosses the Sabine and
Neches Rivers, traverses Galveston Bay, intersects the Brazos, San Ber-
nard and Colorado Rivers, extends across the lower part of Matagorda,
San Antonio, Aransas and Corpus Christi Bays and continues through Upper

and Lower Laguna Madre to the Brownsville Ship Channel.

2. The Intracoastal Waterway can transport water, pollutants,aquatic

plants and animals from one river system to another.

A one-dimensional hydrodynamic model was applied to the Sabine-Gal-
veston Waterway system to evaluate the various factors affecting the flow
of water between the two bays. Wind set-up in the bays and/or excess fresh-
water inflow into Sabine Lake can create a significant flow from Sabine

Lake to Galveston Bay. Under normal conditions, a maximum flow rate of
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4000 cfs (114 cms) and a maximum current of 1.3 ft/sec (0.396 m/sec) can
be expected. The movement of water in this reach could become signifi-
cant in the event of an accidental discharge of a hazardous material or
the outbreak of a waterborne disease.

During the summer cruise in 1975, water hyacinth was growing along
the shoreline of the reach from Sabine to Galveston and in one instance,
the plant had extended across the entire width of the canal. The methods
of travel for hyacinth included floating along with the currents and be-
ing carried by barge traffic.

It is recommended that a study be conducted to investigate the fea-

sibility of constructing control facility in the reach between Sabine

Lake and Galveston to limit flows and to contain hazardous materials in the

event of an accidental discharge.

3. The waterway and normal operational activities in the waterway did

nhot appear to be the major source of pollutants but elevated concen-

trations of nutrients and metals were usually associated with fresh-

water inflows.

The Neches River, Brazos River, Colorado River, Caney Creek, and
Arroyo Colorado intersect the waterway and appeared to be significant
sources of nutrients and heavy metals. These compounds probably enter the
rivers upstream of the waterway through surface runoff and municipal and
industrial discharges.

It is recommended that additional field studies be conducted along

the Neches River, Brazos River, Caney Creek, Colorado River, and Arroyo

Colorado to define the source of the nutrients and metals entering the

waterway.
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4, In land-cut reaches, the waterway has probably modified surface and

subsurface hydrology.

When the waterway was cut through land areas, the groundwater table
and generally the surface water level adjacent to the waterway were Towered
to sea level. The waterway could act as a surface drain and alter runoff
patterns during the wet season and carry salt water inland during the dry
season. Satellite imagery and NASA high altitude color infrared aerial
photography of the Galveston-Sabine reach of the waterway were studied.
Variations in airphoto vegetation patterns about the waterway that could
be attributed to land drainage or salt water intrusion were not readily
apparent.

It is recommended that detailed hydrological and ecological studies

be conducted at several locations in land-cut areas to evaluate the impact

of the existing waterway on the groundwater and surface hydrology.

5. In shallow -open bay reaches of the waterway, the current patterns

adjacent to the channel can have a significant affect on the shoaling

rate.

Atturio, et al. (1976), in a study of the shoaling characteristics
of the GIWW noted several reaches where shoaling rates were exceptionally
high. A very high shoaling rate was noted in the Lower Laguna Madre be-
tween mile 657 and mile 660 and aimost no shoaling was observed between
mile 663 and mile 665. Circulation patterns in this part of the Laguna
Madre were analyzed using satellite imagery. Between mile 657 and mile
660 the currents were generally always across the waterway while between
mile 663 and mile 665 the currents were generally always parallel to the
waterway. Similar current patterns and shoaling rates were observed in

Matagorda Bay between mile 455 and mile 460.
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in order to reduce dredging and the associated adverse environmental

effects, it is recommended that current patterns in adjacent shallow bays

be considered when planning modifications to the waterway.

Since satellite imagery of the Lower Laguna Madre indicated that bottom

vegetation has a significant effect on turbidity and suspended sediment, it

is further recommended that studies be conducted on promoting bottom.vesetation

in shallow bays.

6. The Intracoastal Waterway and associated dredged material islands

have the potential of modifying the circulation patternsand salinity

level in the bays and estuaries.

Texas bays are usually less than six feet deep while the channel is
about 12 feet deep. The water movement is influenced by several factors
including freshwater inflow, winds and tides. In general, circulation
patterns in the shallow bays are strongly influenced by the wind while
the currents in the waterway are strongly influenced by the tide.

The construction of the waterway through the land cut between the
Upper and Lower Laguna Madre resulted in improved water circulation. Prior
to construction of the Intracoastal Waterway and the Port Mansfield chan-
nel, the Lower Laguna Madre was an inaccessible, hypersaline, shallow bay
with frequent fish kills. The improved circulation resulted in increased
vegetative growth, increased fish landings and an increase in the range of
juvenile brown shrimp.

It is recommended that model studies be conducted of proposed waterway

modifications in shallow bays to optimize circulation patterns, control

salinity levels and reduce maintenance dredging.
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TABLE A-1. Bridges, Floodgates and Locks
Clearance

No. Structure Type Location ??Ej %izg' Mﬁ%ggge
] Bridge Fixed Hwy 73 400 136 286.4
2 Bridge Fixed Hwy 87 240 73 288.7
3 Bridge Swing RR & Hwy 124 100 10 319.2
4 Bridge Bascule RR 100 7 357.4
5 Bridge Fixed Hwy 75 105 75 357.5
6 Bridge Fixed Hwy 45 105 75 357.5
7 Bridge Fixed Hwy 332 201 73 393.7
8 Bridge Pontoon FM 1495 130 - 397.6
9 Floodgate - Brazos R. 75 - 400.7
10 Floodgate - Brazos R. 75 - 401.1
11 Bridge Pontoon FM 457 100 - 418.1
12 Bridge Pontoon FM 2031 141 - 440.8
13 Lock - Colorado R, 75X1200 441.3
14 Lock - Colorado R. 75X120 442 .0
15 Bridge Fixed Hwy 361 125 48 533.2
16 Bridge Fixed Road 22 150 73 554.6
17 Bridge Fixed Hwy 100
18 Bridge Pontoon Hwy 100 149 - 667.8
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Table A-Z2, Pipelines and Cables
Size Clearance GIWW

Structure Type in. ft, Mileage
Pipeline gas 12 & 22 underground 266.,7-268.4
Pipeline oil 4,6,6,436 underground 266.7-268.4
Cable power - 172 266.8
Pipeline o1l 8 & 22 underground 276.5
Pipeline gas 12 underground 284 .7-285.2
Cable - - underground 284.,7-285.2
Pipeline gas 16 underground 286.3-286.5
Pipeline gas 8 underground 288,6-288.8
Cable power - 125 288.7
Pipeline gas 30 underground 293.6
Pipeline gas 16 underground 306.7
Pipeline gas 16 underground 316.0

Cable - - 83 319.2

Cable power - 110 319.2
Pipeline gas 10 underground 322.0-322.7
Cable power - 93 322.5
Pipeline gas 6 underground 333.2
Pipeline gas 16 underground 345.5

Cable - - underground 351.4-352.4
Pipeline gas 12 underground 357.2-357.6
Cabie - - underground 357.2-357.6
Cable power 99 357.45
Pipeline 01l 2.5,4.5,4.5 underground 383.2
Pipeline gas 20 underground 392.9
Pipeline gas 24 underground 393.7

Cable power - 97 393.72
Cable - - 74 394.83
Cable power - 108 395.7
Pipeline gas 10 underground 397.4

Cable telephone - underground 397.5

Cable power - underground 397.6
Pipeline gas 6" underground 407.0
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TABLE A-2. Pipelines and Cables (continued)
Size Clearance GIWW

Structure Type in, ft. Mileage
Pipeline gas 8 underground 417.5

Cable telephone - 73 418.0
Pipeline - 8 underground 418.05
Cable power - 94 418.1
Pipeline gas 20 underground 428.0

Cable power - overhead 428.0
Pipeline gas 8 underground 430.5
Pipeline - 8 underground 431.3
Pipeline gas 30 underground 434.0
Pipeline gas 16 underground 434.9
Pipeline gas 6 underground 434.9

Cable power - 71 440.8

Cable power - underground 440.8
Pipeline gas 30 underground 445 .0

Cable - - underground 470.,3-470.5
Cable - - underground 473.1-473.3
Cable power - 88 473.2
Pipeline gas - underground 466.5
Pipeline aas 4 underground 478.3
Pipeline gas 8 underground 487 .2
Pipeline - 8 underground 491.5
Pipeline gas 6,6 underground 501.6
Pipeline gas 8 underground 521.8
Pipeline gas 8 underground 522.2
Pipeline gas 4 underground 526.8

Cable power - 61 533.2

Cable telephone - 79 533.2
Pipeline oil g", five 10", 12" 533.5-534.5
Pipeline 0il 2", 3", two 4", 6", two 16" 536.5
Pipeline o1l 2" underground 539.1-5639.5
Pipeline water g" underground 539.1-539.5
Pipeline gas 12 underground 539.1-539.5
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TABLE A-2. Pipelines and Cables {(continued)
Size Clearance GIWW

Structure Type in. ft. Mileage
Cable - - underground 551.3

Cable power - 93 563.0

Cable power - 91 554.6

Cable - - underground 564.6-554.9
Pipeline gas 6 underground 554 .6-554.9
Pipeline - 6 underground 554.6-554 .9
Pipeline gas 12 underground 563.2
Pipeline gas 10 underground 569.7
Pipeline gas 12 underground 574.0
Pipeline gas 10 underground 575.5
Pipeline gas 10 underground 586.0
Pipeiine gas 6 underground 602.5
Pipeline gas 6 underground 625.0
PipeTine gas 4" underground 636.8
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Table A-3.

Barge Moorings and Turning Basins

STRUCTURE

Barge Mooring
Barge Mooring
Barge Mooring
Barge Mooring
Barge Mooring
Barge Mooring
Barge Moqring
Barge Mooring

Port Isabel
Turning Basin

Brownsville
Turning Basin

Basin
Basin
Basin
Basin
Basin
Basin
Basin

Basin

DIMENSION

ft x ft

75 X
300 x
75 x
110 x
65 x
50 x
110 x
100 x

2300
5500
3000
2300
5000
5000
2150
2500

GIWW

MILEAGE

288.5
346.5
351.
374.

8

2

455.0
475.8
5

491,
540.2
669.1

683.8




Table B-1.

Table B-Z2.

Table B-3.

Table B-~4.

Table B-5.

Table B-6.
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APPENDIX B

COMMERCTIAL TRAFFIC ON THE WATERWAY

Vessel Trips on
REACH 1, 1973

Vessel Trips on
REACH 1, 1973

Vessel Trips on
REACH 2, 1973

Vessel Trips on
REACH 2, 1973

Vessel Trips on
REACH 3, 1973

Vessel Trips on
REACH 3, 1973

the

the

the

the

the

the

Gulf Intracoastal Waterway, East Bound,

Gulf Intracoastal Waterway, West Bound,

Gulf Intracoastal Waterway, East Bound,

Gulf Intracoastal Waterway, West Bound,

Gulf Intracoastal Waterway, East Bound,

Gulf Intracoastal Waterway, West Bound,
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APPENDIX C

WATER AND SEDIMENT QUALITY

Physical Water Quality, January 1975
Chemical Water Quality, January 1975
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Sediment Analysis, January 1975
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APPENDIX D

One-Dimensional Hydrodynamic Model

A one-dimensional hydrodynamic model developed by Harleman and Lee
(1969) by using the finite difference scheme was used in this study.
Harleman and Lee developed a computer program which can be applied in
computing tides and tidal currents in estuaries and canals connecting
two bodies of water. Minor modifications of the original computer pro-
gram were made so that differences in the mean sea level at both ends
of the canal can be accounted for. A brief description of the original
program follows below; however, for more detailed information of the
original program (including program listing), original publication

should be consulted.

Schematization

In a one-dimensional finite difference formulation it is necessary
to divide the estuary or canal into a discrete number of longitudinal
segments and to assign particular geometric characteristics to these
segments. Since the number of segments which can be considered is
limited, simplification and averaging are necessary. This process is
called "schematizatice~".

The longitudinal schematization of an estuary is shown in Figure
D-1 where the longitudir il segment Tength is ax. Figure D-2 shows
the transverse schematization. The transverse geometry assigned to
section 2 can be taken as the average of the transverse geometries
of sections 1b, 2 and 2a, while that for section 3 would be the average

of 2b, 3 and 3a, etc. The cross sections obtained as described above
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(from Harleman and Lee, 1969)

Figure D-1. Longitudinal Schematization of an Estuary

o 37, Mo e tord
i 0 b ey

pothetical chonnal
T e o

Y— Bottern of schamatired chonaed

(from Harleman and Lee, 1969)

Figure D-2. Transverse Schematization of an Estuary
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should be plotted with reference to an arbitrary horizontal reference

datum.

Basic Equations and Finite Difference Formulation

The basic equations used in the non-linear, finite difference for-
mulation are the one-dimensional continuity and momentum equations. They

are

Continuity Equation

an 4 30 _ . -
bat tax - @ 0 (1)

Momentum Equation

Z
30 , 20 . _ 2bQ 3n 370 . 3d , 3n Q|Q _
5t T2 A 22 ot tolgptoxtaxdtd 2R 0

=)
I=

(2)

Equations (1) and (2)'cohétitufe the pair of equations for the finite
difference formulation in which the surface elevation n and the dis-
charge Q are the unknowns. Explicit scheme employing a staggered ar-
rangement commonly known as a diagonal mesh is used here in order to
solve Equationg“(i) and (2).

The.finite difference operators are shown in Figure D-3 in which
the basic rectangular grid spacing is Ax and At.

Two essential features of the operators should be noted:

1. Along any one line of the x, t grid, only one unknown dependent

variable is defined (either n or Q).
2. The unknown variables n and Q are defined on alternate grid

1ines, both in time and distance, so that the basic space and
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Figure D-4.
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Details of a Diagonal

Mesh

lan,hm ts Ai
A:-na,! Aloﬁu,! ?
y Bl,l-ll f- A?
X-4% X X4+ OAx

(from Harleman and Lee, 1969)

Definition Sketch for Central Differences Equations
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time intervals for a diagonal mesh relating either n or Q are

2A% and 2at, respectively.

The associated central finite difference equations, which define
the first order partial derivatives with respect to space and time are
shown in Figure D-4, as

A - A

3A _ Txtax, t X~AX, t

ax 2AX (3)
3B _ By, t+at Bx, t-at (2)
ot 2ot

where A and B are any unknown dependent variables. In the same manner,
equations of continuity and momentum can be written in the finite dif-

ference form as shown in the following:

Continuity Equation

byat Lx, tent = M, toat) L etax, 7 ean, t

Zat 24X

[Qt 1b]
ko )

where [Qtrib ]x = total inflow due to tributary streams entering the

estuary or canal between (x + ax) and (x - ax) = g{2ax).

Momentum Equation

Qx, t-At ]+ ZQX, t—At[Qtrib]x

1 [Qx, tat
2nt [A ]2 2AX

Ax,t

X,t

2b

X,1 Qx,t—At . l[”x—Ax, t 7 Mx-px, t-2at . Oxtax, t ° Mx+ax, t~2At]
2 2 2at 2At
[Ax,t]
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Z JA
! Oxtax = Ox-ax] + g[dx+Ax - dx-Ax] + g[Mxtax, t 7 Mx-ax, t]
A% ZAX 2AX
910, | opt! 1
X,t Xx,t7 "x,t
(6)
where:
wx - wind stress term defined by Equation {11) for a rectangular
or schematized section
~ 1
Ax,t - bsx[dx * §{”x+ﬂx, t 7 Tx-ax, t]] (7)
by = by (8)
.. Mot (9)
%51 b+ 2d tnia, ¢ Mxenx, t

X

The Chezy coefficient may be expressed in terms of the Manning

roughness n_ (which may vary with x) and the hydraulic radius

_1.49 1/6 .
Cx,t = —?E:— [Rx,t] [ft-sec units] (10)

A water surface wind stress term may be added to the momentum equa-
tion if it is desired to include the effect of local wind on the tidal

motion. The wind term may he expressed as

i B, palvx cos wxl Vx cos ¢,
W - (11)
X,t o dX t

wind shear stress coefficient = 0.0026

n
£}

density of air

o
[t}
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p = density of water
Vx = absolute wind speed
v = angle between the direction of the wind and the longitudinal

axis of the channel.

In Equations (5) and (6), the basic partial differential equations
have been transformed into algebraic equations, each containing one un-
known, Ner 4+ At in Equation {5), and QX, t + At in Equation {6). The
two equations can be solved by a computer in a straightforward manner.
Referring to Figure D-3, assume that from previous computations all values
of n and Q are known along the horizontal grid lines n + 1. Values of n
along the grid 1ine n +2 can be computed explicitly, one at a time, by
‘applying Equation (5) shown by operator 1. Thereafter all values of Q
along the grid line n + 3 can be determined by using Equation (6} shown
by operator 2. Thus, by consecutive advancements in time steps of at
each, the tidal elevations and discharges confined within the end boundaries
of the tidal channel are computed alternately by repeating the procedure
described above.

After the tidal elevations and discharges have been calculated at
the grid points, the average velocity in the longitudinal direction can
be calculated by

u = Q/A (12)

Initial Conditions and Quasi-Steady State Solution

It is necessary to assume initial values of n and Q throughout the
channel in order to begin the numerical calculations. Since as the

solution proceeds forward in time, the property of the hyperbolic partial
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differential equation is such that the effect of the assumed initial
condition diminishes rapidly, it may be assumed that n = 0 at t = 0 and
Q= 0at t = at in the absence of any other information.

Using the known boundary conditions for one tidal cycle, the finite
difference calculation proceeds to the end of the first tidal cycle
T + At (where T is the tidal period). The values of nat t =T and Q
at t = T + at become the new initial conditions and the tidal cycle is
repeated with the same boundary conditions. The repeated computation
ends when the tidal elevations obtained in the (k + 1)th cycle differ
from those obtained in the kth cycle by an amount not greater than an
acceptable error. The solution obtained at the (k + 1)th tidal cycle
is referred to as "quasi-steady state solution", and is independent of

the assumed initial conditions.

Transient Solutions

I a continuous tidal record extending over more than one tidal
period is available as an ocean boundary condition, a transient solu-
tion can be obtained by using the boundary condition of the first tidal
cycle of the record to generate a quasi-steady state solution. There-
after, the tidal conditions obtained at the end of the quasi-steady
state solution can be utilized as the initial conditions for the re-

mainder of the tidal record.

Numerical Stability Criteria

In order to obtain a stable solution in an explicit scheme, the

foTlowing stability criterion can be used as a first approximation for
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the determination of Ax and At:

at o« —X (13)
CICREIEN
where:
de = depth of water below MSL at ocean end
n. = amplitude of ocean tide

Since the magnitude of the friction term in the momentum equation has an
influence on the stability, if an unstable solution results after Equa-
tion (13) has been satisfied it may be necessary to adjust Ax or At.

The space and time increments Ax and at should be chosen depending
on the inequality of Equation (13) and the Timitations imposed by com-

puter storage capacity.

Required Input Data

The required input data for the execution of the computer program
consist of:
{1) Geometric Data
(2) Boundary Conditions
n must be specified as a function of time, for at least one
tidal cycle.
(3) Initial Conditions
n and Q can be set equal to zero initially.
{(4) Resistance Coefficient
The Manning coefficient must be specified as a function of x. Past
records of tidal elevation should be used to determine n by matching the

computer solution to the field observations. In general the Manning
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coefficients are in the range of 0.020 to 0.040.
(5) Wind Data
Wind velocity and direction observations are required if it is de-

sired to consider the effect of local winds on the tidal motion.

Qutput

The output from the computer solution consists of the tidal elevation
n, the tidal discharge Q and the tidal velocity u at alternate grid points
both in time and space. The discharge and velocity are determined for the
same grid points.

Solutions for points of interest not falling on grid points can be
obtained through numerical interpolations of the results obtained at the

neighboring grid points, or by plotting the results in graphical form.





